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Abstract

zoonosis in Iran.

ELISA), PCR, and culture.

sample from the same geographic area.

Background: Recent seroepidemiological studies have suggested that tularemia could be an endemic bacterial

Methods: From January 2016 to June 2018, disease cases characterized by fever, cervical lymphadenopathy and
ocular involvement were reported in Youzband Village of Kaleybar County, in the East Azerbaijan Province,
northwestern Iran. Diagnostic tests included Francisella tularensis serology (including tube agglutination test and

Results: Among 11 examined case-patients, the tularemia tube agglutination test was positive in ten and
borderline in one. PCR detected the F. tularensis ISFtu2 elements and fopA gene in one rodent and a spring water

Conclusions: Based on the clinical manifestations of the disease suggesting an oropharyngeal form of tularemia,
serology results in case patients, and F. tularensis detection in the local fauna and aquatic environment, the water
supply of the village was the likely source of the tularemia outbreak. Intervention such as dredging and chlorination
of the main water storage tank of the village and training of villagers and health care workers in preventive
measures and treatment of the illness helped control the infection.
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Introduction

Tularemia is a zoonotic disease caused by the Gram-
negative bacterium Francisella tularensis [1]. The disease
classically manifests by six clinical forms, the ulcero-
glandular, glandular, oculoglandular, oropharyngeal, re-
spiratory, and typhoidal forms. The ulceroglandular and
glandular forms correspond to chronic
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lymphadenopathy, with or without a skin inoculation le-
sion, respectively. The oropharyngeal form corresponds
to pharyngitis with cervical lymphadenopathy. It is
mainly caused by the consumption of contaminated
water or food. The oculoglandular form is a conjunctiv-
itis with regional lymphadenopathy, usually transmitted
through the touch of eyes with contaminated fingers or
by an ocular projection of contaminated water or dust.
The respiratory and typhoidal forms are usually more se-
vere systemic diseases [1, 2].

F. tularensis has three subspecies, namely tularensis
(type A), holarctica (type B), and mediasiatica that are
different in terms of reservoirs, life cycle, and geographic
distribution. Only type A and type B strains are known
causative agents of tularemia in human. Type A strains
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are reported in North America, and type B is common
in Europe and Asia [1]. Two aquatic and terrestrial cy-
cles have been described for both subspecies [3-5]. In
the terrestrial cycle, rabbits and hares are hosts and res-
ervoirs of the disease, and ticks play a major role as vec-
tors in the animal reservoir. In the aquatic cycle, which
is more common for type B strains, small rodents con-
taminate the aquatic environment with F. tularensis, and
tularemia can be transmitted to humans by drinking
contaminated water, and in some areas (Sweden, Finland
and Russia) through mosquito bites. However, type B
strains can also be found in hares, rodents and other an-
imals [3]. In regions with type B tularemia, drinking
water from ponds, lakes and rivers and eating contami-
nated vegetables can transmit the disease [4, 6].

Tularemia is classically restricted to the Northern
hemisphere, although it has been recently reported in
Australia [7]. It is more common in the USA and North-
ern Europe (Scandinavia) [1], and disease foci are found
in Russia, Kazakhstan, and Turkmenistan [8, 9]. Tular-
emia has been reported in animals or humans in several
countries with common borders with northern Iran,
such as Turkmenistan, Kazakhstan, Azerbaijan and
Armenia [10]. This disease is highly endemic in Turkey
[11], where 1300 human infections have been reported
in different regions during the 1988 to 2009 period [6,
12].

The first serosurvey of tularemia in wild mammals and
livestock from different regions of Iran, in 1972, showed
evidence of F. tularensis circulation among sheep and
cows in the northwestern part of Iran, but also in a
hedgehog in the southeastern part [13]. In 1980, the first
human case of tularemia (a glandular form) was reported
in Kurdistan province, in western Iran [14]. Since 2011,
with the establishment of the national tularemia labora-
tory in the Pasteur Institute of Iran, extensive studies
have been done in this field in Iran. According to con-
ducted serosurveys on Kurdistan province residents dur-
ing 2011-2012, 14.4% of studied participants had anti-F.
tularensis antibodies [15]. In 2011, the seroprevalence of
tularemia was found to be 6.52% among butchers and
slaughterhouse workers of Sistan and Baluchestan prov-
ince, southeastern Iran [16]. In 2013, a seropositive ro-
dent was found in the northern Sistan and Baluchistan
[17]. During another research in Kurdistan province in
2014, seropositive tularemia samples were reported
among rodents [18]. In 2014 and 2015, rodents trapped
in the Golestan (northern Iran), Khuzestan (southwest-
ern Iran) and Razavi Khorasan (northeastern Iran) prov-
inces, and hares from Khuzestan, and Sistan and
Baluchestan provinces (southeastern Iran) were PCR-
positive for F. tularensis [19]. In 2017, a human case of
hare-borne tularemia was diagnosed in Kurdistan prov-
ince [20].
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According to previous studies and current epidemio-
logical data in neighboring countries such as Turkey, an
aquatic cycle could be suspected in Iran.

Materials and methods

Outbreak site

Youzband is a village of East Azerbaijan Province in the
northwest of Iran, located 18 km from Kaleybar County.
The village’s population was 719 in 2017. The village is
situated at 1600 m elevation above sea level.

Reported cases

From December 2016, a disease was observed in the vil-
lage affecting humans from different families and of dif-
ferent ages. Clinical manifestations included fever,
fatigue, muscle aches, and the development of swollen
lymph nodes, mainly in the neck. Thirteen patients had
been suffering from this disease, according to the re-
corded data at the village health House (Fig. 1).

Patients were referred to the provincial and hospital
centers in Kaleybar County for diagnosis, and most of
them received antibiotics such as amoxicillin, coamoxi-
clav, penicillin, ceftazidime, and cefixime. In some cases,
surgical lymph node removal was performed. Two pa-
tients received anti-tuberculosis treatment despite a
negative acid fast-staining of histological preparation of
removed tissue samples. Some patients did not receive
any treatment as the swollen lymph nodes drained into
or out of the body. With regard to clinical manifesta-
tions, four pathogens were suspected in the differential
diagnosis by physicians, including Francisella tularensis,
Yersinia pseudotuberculosis, Yersinia pestis and Barto-
nella henselae.

Environmental observations and epidemiological
evidence

A water-borne disease was strongly suspected during the
investigation carried out in the village by the epidemic
control team of the Pasteur Institute of Iran. No similar
disease was found in surrounding villages. The investiga-
tion team found out that the villagers of Youzband vil-
lage preferably used drinking water from local springs
because they disliked the water of the local water supply
system having an unpleasant taste and color. Data from
registry offices indicated that the chlorination of the vil-
lage tap water was insufficient 1 year before the disease
emergence. In interviews with villagers, an unusual
abundance of rodents in the summer of 2016 was fre-
quently mentioned.

Given epidemiological, environmental and clinical
findings, the suspicion of a tularemia outbreak became
more serious, and it was decided to perform clinical
diagnostic sampling of humans and send serum, blood
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Fig. 1 Cervical adenopathy in some tularemia patients

and lymph nodes specimens to the Pasteur Institute of
Iran.

Specimens for microbiological testing

Among humans with a clinical history of suspected tu-
laremia manifestations during the previous 18 months,
eleven were still ill and expressed their consent to pro-
vide blood samples at the time of the outbreak investiga-
tion in June 2018. We collected serum samples from all
patients, whole blood samples from six patients, and five
samples from village’s water resources, including spring
water and tap water. In addition, nine rodents were cap-
tured from around the water resources, and rodent
serum and spleen tissue samples were collected.

Demographic and clinical data of patients

A researcher-made survey questionnaire was used to
collect information from the patients. The patients’
mean age was 30 years (the youngest was 4, and the old-
est was 77). The swollen lymph nodes were retropharyn-
geal in six patients, parotid in three, and at both
locations in two patients. One patient had swollen in-
guinal lymph nodes. In two patients, there was no swell-
ing of lymph nodes but swelling and redness of the eyes.
Physical examination of the patients revealed redness of
the oropharyngeal mucosa. The disease was accompan-
ied by cervical and preauricular swollen lymph nodes,
usually unilateral. In four patients, lymph node swelling
had disappeared, resulting in spontaneous skin drainage
with pus suppuration.

Seven patients reported the onset of symptoms in
2016 (including two in December) and two patients in
2017 (in March and October, respectively). Two patients
with severe illness required hospitalization. Two patients
consumed only spring water, three only tap water, and
six drank both spring and tap water. Two patients
pointed out that another member of their families had

also been affected by the same clinical manifestations
(Table 1).

Rodent sampling

Rodent sampling was carried out around the affected vil-
lage and its springs. Trapping was conducted using trad-
itional live-catch traps with baits (dates, cucumber and
cheese puffs). Rodents were identified using morpho-
logical traits as identification keys [21, 22]. Serum and
spleen samples from rodents were transferred at 4 °C to
the national Reference Laboratory for Plague, Tularemia
and Q fever, at the Pasteur Institute of Iran laboratory.

Culturing of rodent samples

Samples of rodents’ spleen were homogenized with ster-
ile saline. To investigate the presence of F. tularensis,
50 pl of homogenized spleen samples were inoculated to
sheep blood agar and Cysteine Heart Agar with 9% cho-
colatized sheep blood (CHAB) made selective by adding
Cycloheximide, Vancomycin, Trimethoprim, Sulfameth-
oxazole and Colistin [23]. Agar plates were incubated in
5% CO,-enriched atmosphere at 37 °C for a week. Bac-
terial growth was monitored daily.

Culturing water samples

From each water source, six samples (2.51 per sample)
were collected. Water samples were transferred to the
laboratory at 4-8°C within 48 h. Each sample was fil-
tered on two 0.22-pm filters using a vacuum pump con-
centration system (Millipore, Burlington, Massachusetts,
United States). The first filter was used for culture and
divided into two parts. One part was directly inoculated
to CHAB medium with antibiotics. The second part was
first inoculated to the enrichment broth medium T [24]
for 48 h, and then cultured on CHAB medium. The sec-
ond filter of each sample was used for direct DNA ex-
traction from the re-suspended filtrate in sterile PBS
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buffer. After 72 h incubation of the plates, DNA extrac-
tion was performed for all bacteria cultivated. All the ex-
tracted DNAs from different samples were tested by
Real-Time PCR assays.

Genome extraction and real-time PCR testing

DNA was extracted from each rodent spleen sample
using the High Pure PCR template preparation kit
(Roche). Real-time PCR testing for detection of Franci-
sella spp. targeted the ISFtu2 elements (Table 2) [25],
using the Rotor-Gene device (model 6000, Corbett Life
Science) and previously described protocols [19].
ISFtu2 positive samples were tested using fopA real-time
PCR to confirm F. tularensis infection (Table 2) [26].
The NCTC 10857 Strain of F. tularensis was used as a
positive control.

Standard tube agglutination procedure for detection of
antibodies against F. tularensis

Standard tube agglutination was performed on all hu-
man and rodent serum samples according to the proto-
col of the manufacturer (Bioveta Inc., ivanovice, Czech
Republic) to detect antibodies against F. tularensis. Anti-
body titers >80 were considered positive, and a titer at
40 was considered suspicious [27].

ELISA

Furthermore, the presence of Anti-F. tularensis IgG and
IgM antibodies in patients’ serum samples were tested
using ELISA quantitative kits (Serion/ Virion, Germany).
Anti-F. tularensis 1gG and IgM antibodies titers were de-
termined using a standard curve (as recommended by
the manufacturer), and amounts of IgM and IgG were
reported as U/ml. According to the kit’s protocol, values
less than 10 U/ml were considered negative, titers be-
tween 10 and 15 U/ml borderline, and those higher than
15 U/ml positive.

Results

All 11 examined patients’ sera had anti-F. tularensis
antibodies of the IgM type, with very high titers (above
195 U/ml) in nine patients. Ten patients also had high
IgG titers, whereas IgG was not detected in one patient
(case No. 11). The tularemia tube agglutination test was

Table 2 Primers and probes used for detection of F. tularensis
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positive in ten patients, and an ambiguous titer (1:40)
was found for a patient (Table 1).

Real-time PCR tests revealed that one out of 5 water
samples belonging to one of the springs of the village
was positive for ISFtu2 elements and fopA gene.

One Microtus socialis out of nine captured rodents
from around the main well of the village was positive for
ISFtu2 elements and fopA gene. The negative rodent
samples belonged to Microtus socialis (2), Microtus mys-
tacinus (1), Dryomys nitedula (1), Apodemus witherbyi
(2), Arvicola persicus (1) and Meriones persicus (1).

No positive result was obtained by culture or sero-
logical testing for any of the rodent samples. Direct cul-
ture attempts using filtered water that was injected into
laboratory animals did not yield F. tularensis. It was not
possible to isolate F. tularensis from human lymph node
and blood samples, nor from rodent spleen and water
samples.

After confirmation of the tularemia outbreak, patients
were treated with doxycycline, 200 mg daily in two oral
doses, for at least 15 days. Dredging and chlorination of
the main water storage tank of the village were done.
Villagers were encouraged to use tap water and received
training to boil the spring water before drinking. Train-
ing programs for villagers about tularemia and its trans-
mission modes were provided by distributing
educational brochures, holding face-to-face training
courses and sharing related educational materials in the
virtual spaces in which the villagers were active. Training
courses about clinical symptoms and treatment of tular-
emia were given to physicians and health care workers
within 1 month after outbreak confirmation. Two years
after the outbreak verification and the interventions, all
the patients were cured, and no new cases of the disease
were reported.

Discussion
Here we present the first report of a probably tularemia
outbreak in Iran. The extent of the outbreak and its
probable source were determined by combining human,
animal and environmental data.

More than 200 species of small mammals are known
reservoirs of F. tularensis [1]. In a previous study per-
formed in 2013 in Kurdistan province (western Iran), the

Gene target Primer and probe

Sequence (5' to 3')

Amplicon size (bp)

ISFtu2 ISFtu2-F
ISFtu2-R
ISFtu2-Probe

fopA fopA-F
fopA-R

fopA- Probe

TTGGTAGATCAGTTGGTAGGATAACC 97
TGAGTTTTATCCTCTGACAACAATATTTC
FAM-AAAATCCATGCTATGACTGATGCTTTAGGTAATCCA-TAMRA
AACAATGGCACCTAGTAATATTTCTGG 87
CCACCAAAGAACCATGTTAAACC
FAM-TGGCAGAGCGGGTACTAACATGATTGGT-TAMRA
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seropositive rodents belonged to Microtus, Dryomys and
Meriones [18]. In the present study, one rodent (Micro-
tus socialis), out of nine collected and tested, was PCR-
positive for F. tularensis. It is likely that rodents, like in
many tularemia endemic areas, have an important role
in the maintenance and transmission of this disease in
Iran. Population growth in rodents is often associated
with the occurrence of epizootics of tularemia, with
massive contamination of the aquatic environment with
F. tularensis [28]. The remarkably high density of ro-
dents reported in the agricultural lands of the village in
the summer of 2016 could have triggered the tularemia
outbreak in this area.

We could not detect F. tularensis in all collected water
samples, except for one of the spring water sources, but it
has previously been reported that the time, type and loca-
tion of water sampling play a major role in the ability to
detect this pathogen during a tularemia outbreak [4].

In this outbreak, nine out of 11 evaluated patients had
a disease compatible with typical oropharyngeal tular-
emia. This form of the disease is usually transmitted
through drinking contaminated water of eating food
washed with contaminated water. Tularemia is an en-
demic disease in Turkey that is the northwestern neigh-
bor of Iran and located near this outbreak region [29-
31]. From 1988 to 2009, 1300 cases of tularemia were re-
ported in different regions of Turkey [6], almost all cases
corresponding to the oropharyngeal form of the disease
[6, 12]. Two patients involved in this outbreak suffered
from swelling and redness of eyes, but without local
lymphadenopathy as usually reported in the oculogland-
ular form of tularemia. This clinical form is transmitted
through splashing or washing eyes with F. tularensis-
contaminated water, or touching eyes with contaminated
fingers. It is usually rare, accounting for less than 1% of
human tularemia cases. Ocular forms of tularemia have
been reported in Turkish patients [6]. Occasionally, both
the oropharyngeal ad oculoglandular forms of tularemia
may be combined. Interestingly, nine out of 11 patients
diagnosed with tularemia had been suffering from this
disease for more than 1.5years and underwent various
therapeutic and surgical treatments. However, due to the
lack of diagnosis and proper treatment, they were not
completely cured. Delay in diagnosis and treatment of
tularemia cases in regions where tularemia is rarely re-
ported is common, as the clinical signs of this disease
are similar to those of a wide range of other infectious
diseases [1].

In the present study, we used serological methods to
diagnose tularemia cases. Serological tests represent the
most commonly used method for tularemia diagnosis
[32]. Specific antibodies against F. tularensis are usually
detectable 10 to 20 days following disease onset [1, 32].
In a compatible clinical and epidemiological context, a
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single serum sample with a high antibody titer against F.
tularensis antigen is considered diagnostic for tularemia.
We could not isolate F. tularensis from human, rodent
or aquatic samples. The sampling of patients was per-
formed very late during the course of their disease, when
bacteria had already been eliminated from the body by
the immune system. In addition, most patients had
already received several courses of antibiotic therapy. In
patients with tularemia, the isolation of F. tularensis is
usually successful only in the acute stage of infection,
before a significant immune response has been mounted
and appropriate antibiotic therapy has been adminis-
tered. Culture of water and rodent samples and injection
of these samples to laboratory animals did not allow iso-
lation of F. tularensis. Previous studies also reported that
the isolation rates of F. tularensis from environmental
samples are very low [33]. Despite the fact that F. tular-
ensis were not isolated in this outbreak investigation, the
epidemiological and clinical evidence indicates that the
outbreak was likely caused by F. tularensis subsp. holarc-
tica. Until now, only this subspecies has caused tular-
emia in Europe and Asia. Human infections with type B
strains commonly occurred from contaminated aquatic
sources, including springs, wetlands, ponds, and rivers,
and also from aquatic and semi-aquatic rodents [4].

Likely sources of human infections during this out-
break were the communal village tap water system and
spring waters from the local environment. There are sev-
eral pieces of evidence supporting this hypothesis: 1) the
oropharyngeal form of tularemia was predominant, 2) all
involved patients had drunk from the same tap or spring
water (two drank only tap water, five cases only spring
water, and four cases both tap and spring water), 3)
there was a lack of proper chlorination of tap water dur-
ing a long period before the outbreak, 4) an infected ro-
dent was collected from the proximity of the main well
resource of the village, and 5) improving prevention
measures, including proper chlorination of the tap water
supply allowed control of the tularemia epidemic.

In conclusion, lack of awareness of tularemia clinical
manifestations in the general population and in health
care workers, as well as the usual mild severity of type B
tularemia cases likely explain that this disease is poorly
diagnosed in Iran. In addition, specific tularemia diag-
nostic tests have been lacking for years in this country
and have become available again only recently.

Conclusion

The investigations of this outbreak and other recent ser-
osurvey studies confirm that tularemia is an endemic
disease in Iran. It is suggested that training programs be
made available to physicians and healthcare personnel in
all the country to raise awareness about the sources and
transmission routes of F. tularensis and clinical signs of
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tularemia. Further studies are also needed to bet-
ter evaluate the role of water contamination, animal res-
ervoirs and potential vectors of tularemia in Iran.
Investigating the levels of F. tularensis contamination of
surface waters and infection rates in humans, livestock
and wildlife animals in different regions would better
clarify the endemic situation of tularemia in Iran.

Abbreviations
PCR: Polymerase chain reaction; ELISA: Enzyme-linked Immunosorbent Assay;
F. tularensis: Francisella tularensis
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