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We detected Leishmania infantum in 98 Norway rats (Rattus norvegicus) trapped in parks and sewers of Barcelona,
Spain. The 84 rats from the sewers showed a prevalence of
33.3% and up to 2,272 estimated parasites. These results,
in the most abundant potential reservoir in cities, is of public
health concern.

C

anine and human leishmaniasis caused by Leishmania infantum is considered an emerging disease in the
Mediterranean basin (1). In addition to dogs, several wild
mammals have been found infected by L. infantum in rural
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environments in Europe (2). With regard to the epidemiologic factors promoting infection with Leishmania, the appearance of new animal reservoirs besides dogs has been
highlighted (1). In this context, only a few studies examine
the possible reservoir role of synanthropic animals in cities, where the role of certain domestic mammals has been
analyzed exclusively (1).
Because human leishmaniasis is endemic in Barcelona, Spain (3), we investigated and quantified the presence
of L. infantum in an urban population of the Norway rat,
Rattus norvegicus, using a highly sensitive quantitative
PCR (qPCR) method for Leishmania DNA detection. Rat
leishmaniasis could complicate the epidemiologic situation of human and canine leishmaniasis, considering that
the Norway rat is the most widespread mammal in the
world after humans and also the most abundant animal
in cities.
We trapped 98 Norway rats, 84 in the sewage system and 14 in parks, during the winter of 2016–17 in
a rodent surveillance and control program in Barcelona
(permission no. SF/044 obtained from the regional government of Catalonia). We treated the rats according to
Directive 2010/63/EU of the European Parliament and
Council decision of September 22, 2010. We obtained
DNA from 10 mg of spleen using the Purification of Total DNA Kit (QIAGEN, https://www.qiagen.com), following the manufacturer’s instructions. We processed
the samples whose DNA concentration was too low with
the extraction kit by the phenol–chloroform–isoamyl
(25:24:1) DNA extraction technique. We quantified the
parasite DNA by qPCR using Taqman probe with Fam
fluorochrome (4).
Only 1 rat (7.1%) captured in the parks tested positive for L. infantum. However, rats captured in the sewage system showed a 33.3% prevalence (28/84) of L. infantum infection. The estimated number of parasites in the
positive samples from spleens varied considerably, ranging
from 0.28 to >2,200 (Table). Histologic sections of positive spleens were stained by Giemsa and by the streptavidin–biotin peroxidase complex immunohistochemical
method (5) (Appendix Figure, https://wwwnc.cdc.gov/
EID/article/25/6/18-1027-App1.pdf).
The low number of infected Norway rats found in
Mediterranean countries in Europe so far has led to the
species being categorized as an incidental host, capable of
becoming infected but considered irrelevant to the longterm persistence of the disease (2,6–8). However, our study
demonstrates the importance of the trapping site for finding
a large Leishmania-infected rat population.
According to the World Health Organization, the
incrimination of a particular mammal as a Leishmania
reservoir must depend on an accumulation of evidence
(9). First, the reservoir must be sufficiently abundant
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Table. Real-time PCR results for the 29 Leishmania infantum–
positive Norway rats analyzed, Barcelona, Spain*
Rat no.
Ct†
Estimated no. parasites
SD
1
32.81
75.67
25.70
2
32.33
50.68
12.21
3
29.25
723.15
345.67
4
30.84
344.30
56.40
5
38.50
0.28
0.20
6
28.49
10.81
3.36
7
28.46
2,272.46
771.72
8
32.32
118.12
63.76
9
29.60
516.20
199.36
10
28.10
14.24
2.98
11
30.19
566.28
7.32
12
28.41
11.98
5.09
13
29.96
679.46
35.59
14
31.47
31.38
0.20
15
31.46
215.66
66.84
16
30.79
356.32
42.03
17
33.01
66.31
31.43
18
29.68
465.21
68.73
19
30.75
370.40
70.72
20
31.60
1.44
1.51
21
26.52
48.81
20.15
22
31.82
159.43
27.73
23
28.15
0.33
17.66
24
28.56
9.98
1.30
25
30.25
547.67
93.15
26
30.93
161.73
11.80
27
28.38
11.59
2.70
28
29.84
761.38
223.52
29
33.16
55.22
1.41
*Ct, cycle threshold.
†Mean values of the 3 replicates of each sample. Cutoff established:
positive result, Ct <35; negative result, Ct ≥35.

and long-lived. In this sense, the Norway rat is the most
abundant mammal in cities, with a lifespan of around 1–3
years. The lack of predators or interspecific competition
in cities guarantees a longer lifetime than in wild environments. Second, intense host–sand fly contact is necessary.
Sewers are a breeding site for Phlebotomus sand flies,
which can reach abundant population levels (10). Third,
the prevalence of Leishmania infection should be >20%.
Our study revealed a 33.3% prevalence in Norway rats in
the sewers. Fourth, the course of infection should be nonpathogenic and long enough to enable the parasites to survive any nontransmission season. Neither splenomegaly
nor hepatomegaly were evident in the affected animals,
although further studies should be addressed to assess
the true pathogenic degree of rat leishmaniasis. Finally,
parasites should be available in the skin or the blood in
sufficient numbers to be taken up by a sand fly. The availability of the parasite to the sand fly cannot be proved by
our findings. However, in naturally infected Norway rats
in Spain, L. infantum was detected in the hair of the rats
by molecular methods (7).
Only counting sewer rats, and not those living above
ground, a 0.13 rat-per-person scenario is suspected for
Barcelona (Agència de Salut Pública de Barcelona, pers.
comm., June 2018). Therefore, the prevalence found

in the sewers in this study means that there could be
>70,000 underground rats with leishmaniasis in Barcelona (1,620,809 human inhabitants in 2017), a figure of
public health concern for a potential reservoir.
If future xenodiagnostic studies determine that
sand flies become infected successfully by the rats, as
has already been demonstrated in the case of its congener, the black rat, (R. rattus) (11), the finding of a new
reservoir, besides the dog, would be a major advance in
the epidemiology of leishmaniasis. However, the complexity of rat control would represent a great hindrance
to overcome.
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Influenza D virus has been found to cause respiratory diseases in livestock. We surveyed healthy dromedary camels
in Ethiopia and found a high seroprevalence for this virus, in
contrast to animals co-existing with the camels. Our observation implies that dromedary camels may play an important role in the circulation of influenza D virus.

I

nfluenza D virus (IDV) was first isolated from pigs with
respiratory symptoms in the United States in 2011 (1).
Epidemiologic analyses revealed that the most likely main
host of IDV is cattle, because the seropositivity rate in these
animals is higher than that for other livestock (2–4). In a recent report, dromedary camels (Camelus dromedaries) exhibited substantially high seroprevalence (99%) for IDV in
1224

Kenya (5), suggesting that this animal is a potential reservoir of IDV. We examined seroprevalence of IDV in dromedary camels in Ethiopia and in Bactrian camels (Camelus
bactrianus) in Mongolia.
We collected serum samples from dromedary camels
(n = 38; average age 4.3 years, range 1–13 years), goats (n
= 20; average age 3.9 years, range 1–8 years), sheep (n =
20; average age 2.7 years, range 1–4 years), cattle (n = 15;
average age 6.7 years, range, 1–11 years), and donkeys (n
= 2; ages 1 and 6) from 2 herds in Bati district, Amhara region, and 1 herd in Fafen district, Somali region, Ethiopia.
All animals were apparently healthy, shared the same pasturage during the day, and stayed in barns specific for each
animal species at night. To detect influenza D infection,
we titrated the serum samples by hemagglutination inhibition (HI) assay using 3 antigenically distinct influenza
D strains: D/swine/Oklahoma/1334/2011 (D-OK lineage;
D/OK) (1), D/bovine/Nebraska/9–5/2013 (D/660-lineage;
D/NE) (6), and D/bovine/Yamagata/10710/2016 (D/Japan-lineage; D/Yamagata) (7). For the HI test, we treated
the samples with receptor-destroying enzyme (RDEII;
Denka Seiken, http://www.keyscientific.com) at 37°C for
16 h, followed by heat inactivation at 56°C for 30 min. We
then reacted serially diluted samples with each virus (4
HAU) at room temperature for 30 min and incubated them
with a 0.6% suspension of turkey red blood cells at room
temperature for 30 min. The HI titer of each sample was
expressed as the reciprocal of the highest sample dilution
that completely inhibited HA. We considered samples
with HI titer >1:40 positive, to eliminate nonspecific reactions at low dilutions (4,8,9).
Of the 21 dromedary camel samples from Bati, 10
were positive for D/OK, 11 for D/NE, and 19 for D/Yamagata (Figure). Of other animal samples, only 1 goat
sample was positive (titer 1:40), indicating that the
prevalence rate of influenza D antibodies was higher in
dromedary camels than in co-grazing ruminants in the
tested herd. The data on the camels’ age indicated that
the HI antibodies were not detected due to maternal antibodies, which is only stable for 5–6 months in dromedary camels (10). Much closer face-to-face contact may
be required for virus transmission among different animal species. The HI titers in camel samples were higher
for D/Yamagata (range 1:40–1:160) than those for D/OK
and D/NE (1:40–1:80). Meanwhile, we found several
positives in dromedary camel samples from Fafen, albeit
at lower positive rates and titers compared with those in
Bati (Figure).
We confirmed the specificity of the HI reaction with a
viral neutralizing test using HI-positive samples (data not
shown). HI titers obtained were not high, suggesting that the
infections may have occurred in these animals some time
ago or that results might have been due to the variance of HI
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Appendix Figure. Histological sections of naturally infected rat spleens with Leishmania (arrows). A)
Giemsa stain. B) Immunolabeled amastigotes by the streptavidin–biotin peroxidase complex method (1).
Scale bars represent 10 m.
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