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Abstract

Background: Leptospirosis is a worldwide zoonotic infectious dis-
ease that affects Human and animals worldwide with increased risk 
in regions with temperate climates. Such is the case of the Azorean 
islands (a Portuguese archipelago with 9 islands) where this disease 
is considered endemic. Rodents of these islands have been consid-
ered the reservoir species for Leptospira and regulating measure-
ments have been previously developed to control and prevent this 
disease in the archipelago. This study aims to determine a more 
recent infection rate of leptospirosis in the house-mouse (Mus mus-
culus).

Methodology & Findings: This retrospective study covering a 
period of 8 years (2011 to 2018), was performed by live capturing 
Mus musculus in 6 locations of S. Miguel Island (the most populated 
island of the archipelago). After euthanasia and necropsy of the 
mice, kidneys were surgically removed and processed in standard 
histological routine, and slides were stained with modified Warthin-
Starry silver stain for spirochetes and scanned for the presence of 
Leptospires. It was possible to determine that from the 133 wild 
mice captured, 89 were positive for leptospirosis, representing a 
66.91% infection rate.

Conclusion: This study reveals that leptospirosis still represents 
an increased risk to Human lives and an uncalculated economical 
loss to the dairy farms of the Azorean islands. 
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identification

Introduction

Leptospirosis (also called Weil’s disease, after the person who 
first described the pathogenic organism in 1886) is a bacterial 
zoonosis caused by the spirochetes of the genus Leptospira [8]. 
This disease affects Human and animal populations worldwide, 
and the infection can occur through direct contact with urine or 
tissues of infected animals, or indirectly though exposure to in-
fected wet soil or water [14]. In animals, leptospirosis can cause 
abortion, stillbirth, weakness among neonates, reduced milk 
production in dairy farm animals, and death. In humans, clinical 
manifestation of the disease may vary from flu-like symptoms 
to multiple organ failure and death with some reports of diar-
rhoea, vomiting, myalgia and kidney failure [14,5]. Certain pro-
fessions such as abattoir workers, banana cutters, cattle farmers 
and sewer workers, have increased risk of leptospirosis. Similar-
ly, outdoor activities such as swimming, hunting and fishing, also 
present higher risk. The occurrence of this disease is strongly in-
fluenced by climate, indigenous fauna and agricultural practices 
[6]. The organism survives well in warm, moist conditions, and 

hence the disease is endemic to many tropical countries. Such is 
the case of the Azores: a nine island archipelago located in the 
North Atlantic Ocean (Figure 1). Around 242.000 people live in 
these islands, which cover around 2340 km2. On account of the 
tropical temperate climate, leptospirosis has been a permanent 
concern and considered an endemic problem [15], particularly 
in the island of S. Miguel and Terceira (on which around 70% of 
Azoreans reside), on account of increased cattle infection and 
several fatal human cases [5,7].

Rodents have previously been established as the main wild 
reservoirs and carriers of Leptospira [3,11] and although they 
exist in all Azorean islands, their populations haven’t received 
enough attention [9]. Nonetheless a survey of Collares-Pereira 
(1997) determined a very high infection rate (88%) of Lept-
ospira in the house mouse (Mus musculus), with other species 
of rodents with smaller infection rate [black Rats (Rattus rat-
tus) – 33%; and brown rats (Rattus norvegicus) – 67%]. Facing 
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high infection rates in cattle and loss of human lives, the Azo-
rean Government proposed a project to reduce human cases 
and reduce infection rates of wild and domestic animals. The 
proposed actions included a better understanding of the ecol-
ogy of Leptospirosis and their reservoir species, improvement 
of farming techniques and infrastructures to ultimately allow 
a sustained reduction of Leptospirosis. Although the absolute 
eradication of Leptospirosis is an impossible task [16], proper 
prevention and control can reduce the infection rates in both 
humans and domestic animals [12].

The aim of this study was to access the infection rates of 
Leptospira in the most common house mouse (Mus musculus) 
for the island of São Miguel. 

Material and Methods

Ethical Statements

All procedures were carried out in strict accordance with 

the European Convention for the Protection of Vertebrate Ani-
mals used for Experimental and other Scientific Purposes (ETS 
123: directive 2010/63/EU) and the Portuguese Law Decree (DL 
113/2012). This study was approved by the University of Azores 
ethics committee (10/2020).

Source of Specimens

A total of 133 wild Mus musculus were live captured from 
2011 to 2018 throughout the Island of S. Miguel in 6 locations 
[Figure 1: 1- An organic farm from Santo Antonio Village (n=18); 
2- Leisure area of Pinhal da Paz (n=26); 3- Leisure areas of Rabo 
de Peixe Village (n=31); 4- Conventional farm from the city of 
Lagoa (n=23); 5- Rural areas of Furnas Village (n=18); 6- Rural 
areas of Ribeira Quente Village (n=17)]. Only wild mice (males 
and females) with more than 10 grams were selected for this 
analysis. The selection of locations took in consideration the 
choice of two different farms, two leisure areas and two villag-
es, and their separate locations in order to maximize the ana-
lysed area of S. Miguel. 

After live-capture, wild mice were housed no longer than 
necessary until euthanization. Euthanasia was performed us-
ing Isofluorane and followed by necropsy. Right and left kidneys 
were surgically removed and fixed in 4% buffered formaldehyde 
and followed standard histological routine for paraffin embed-
ding.

Histopathology

All histological blocks were depleted through serial 4 um sec-
tions, making several slides per individual ensuring a thorough 
inspection. Histological diagnosis was done on all slides stained 
with Warthin-Starry silver staining technique [13], modified for 
the use of a microwave oven by Churukian and Schenk (1988), 
and scanned for the presence of Leptospirosis (Figure 2). 

Results and Discussion

In this retrospective study covering a period of 8 years, it was 
possible to determine that from the 133 wild mice captured, 
89 were positive for leptospirosis, representing a 66.91% infec-
tion rate. Per locations, the infection rate was: 1- An organic 
farm from Santo Antonio Village – 77.78%; 2- Leisure area of 
Pinhal da Paz - 69.23%; 3- Leisure areas of Rabo de Peixe Village 
- 74.19%; 4- Conventional farm from the city of Lagoa - 43.47%; 
5- Rural areas of Furnas Village - 66.67%; 6- Rural areas of Ribei-
ra Quente Village - 70.59% - (Figure 1). 

The relatively poor sensitivity of histological stain meth-
ods for leptospires has been previously reported [1,10], and 
although further developments throughout the years of the 
histological techniques enhanced the staining quality [2], the 
results presented in this study are most likely an under-repre-
sentation of Leptospirosis infection rate, further demonstrating 
an unknown risk for the Human and animal populations of S. 
Miguel Island.

Regarding the presented results, the lowest infection rate 
is in the conventional farming area from the city of Lagoa 
(43.47%), which is more likely due to the increased usage of 
conventional pesticides that most likely prevent and control the 
leptospires in the ground, where it is known to endure up to 6 
weeks in moist and warm conditions [14]. Also, the usage of 
rodenticide is more common in these types of farming. Con-
trarily, the highest infection rates were found in the organic 
farm from Santo Antonio, where pesticides are forbidden, and 
chemical rodent control is kept to a minimum. Although the 

Figure 1: Map of the Azores Archipelago. A- Location of the Azores 
archipelago in the Atlantic Ocean; B- Geographical groups of the 
Azores archipelago; C- Map of S. Miguel Island and study areas; 
1- An organic farm from Santo Antonio Village; 2- Leisure area of 
Pinhal da Paz; 3- Leisure areas of Rabo de Peixe Village; 4- Conven-
tional farm from the city of Lagoa; 5- Rural areas of Furnas Village; 
6- Rural areas of Ribeira Quente Village. Basemap aerial view back-
grounds by ESRI ArcGIS online. “World Imagery” [basemap]. “World 
Imagery Map”. Last updated 11/06/2020. https://www.arcgis.com/
home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9. Attribu-
tion information to both ESRI and other data providers shown in 
the figure.

Figure 2: Histochemical stain for spirochetes of kidney histological 
sections of captured mice and processed according to the modified 
protocol of Warthin-Starry (1988). The red arrows point to spiro-
chetes. A– Mice positive for Leptospirosis; B – Mice negative for 
Leptospirosis.  Scale bar = 25µm.
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farms represent an increased risk to farmers, the leisure areas 
can represent an even greater risk due to the increased number 
of people visiting those places, specially Pinhal da Paz (69.23%), 
where children are allowed extended playtime on the grass and 
structures of the place.  Although saving Human lives is the pri-
mary concern, this study also highlights the welfare of cattle 
and other domestic or farm animals. Given that the main sec-
tor of the Azorean’s economy is the dairy industry, contribut-
ing 30% to national milk production, and no know study has 
ever been performed to calculate cattle leptospirosis infection 
rates, there are unaccounted economical losses that should be 
addressed in the near future. Although the previous Azorean 
project by Collares-Pereira (2009) sought to control and contain 
the spread of leptospirosis, this retrospective study urges the 
need of an enforcement in the several areas sugested, such as 
vaccination, rodent populational control and the use of proper 
protective gear when dealing with potentially infected humans 
or animals, in order to prevent loss of Human lives and the un-
calculated economical losses to the dairy farms that are the ma-
jor economy of the Azorean Islands. 

Conclusion

The result of this study reveals that although the leptospiro-
sis infection rate may be under-represented, it still represents a 
high risk for Human lives and an uncalculated economical loss 
in the Azorean islands. Additionally, vaccination and rodent 
controls measurements should be required in order to control 
leptospirosis. Lastly, further studies should be conducted in this 
area to contain leptospirosis threat and also calculate the pos-
sible economical losses.

Author Statements

Funding

This work and Ricardo Camarinho were financially supported 
by IVAR project UIDP/00643/2020, from FCT, Portugal , and by 
the project M1.1.C/I.E./001/2021 - from DRCT - Azores.

References

1. Amatredjo A, Campbell RS, Trueman KF. A study of nephritis of 
beef cattle in North Queensland. Aust Vet J. 1976; 52: 398-402.

2. Churukian CJ, Schenk EA. A Warthin-Starry method for spiro-
chetes and bacteria using a microwave oven. J Histotechnol. 
1988; 11: 149-51.

3. Collares-Pereira M, Korver H, Terpstra WJ, Santos-Reis M, Ra-
malhinho MG, Mathias ML, et al. First epidemiological data on 
pathogenic leptospires isolated on the Azorean islands. Eur J 
Epidemiol. 1997; 13: 435-41.

4. Collares-Pereira M, Gonçalves LAP, Vieira MLJ. Epidemiologia e 
controlo da leptospirose na Região Autónoma dos Açores. 2004-
2008: síntese do projecto e linhas de orientação. 2009.

5. Esteves LM, Bulhões SM, Branco CC, Mota FM, Paiva C, Cabral R, 
et al. Human leptospirosis: seroreactivity and genetic suscepti-
bility in the population of São Miguel Island (Azores, Portugal). 
PLOS ONE. 2014; 9: e108534.

6. Faine S, Adier B, Bolin C, Perolat P. Leptospira and Leptospirosis. 
2nd ed. Melbourne, Australia: Medisci Press. 1999.

7. Gonçalves AT, Paiva C, Melo-Mota F, Vieira ML, Carreira T, Nunes 
MS, et al. First isolation of Human Leptospira strains, Azores, 
Portugal. Int J Infect Dis Suppl. 2010; 3: e148-53.

8. Levett PN. Leptospirosis. Clin Microbiol Rev. 2001; 14: 296-326.

9. Mathias ML, Ramalhinho MG, Santos-Reis M, Petrucci-Fonseca 
F, Libois R, Fons R, et al. Mammals from the Azores Islands (Por-
tugal): na updated overview. Mammalia. 1998; 62: 397-408.

10. Michna SW, Ellis W, Dikken H. The isolation of Leptospira hardjo 
from an aborting cow. Res Vet Sci. 1974; 17: 133-5.

11. Sterling CR, Thiermann AB. Urban rats as chronic carriers of lep-
tospirosis: an ultrastructural investigation. Vet Pathol. 1981; 18: 
628-37.

12. Torten M, Marshall R. Handbook of zoonoses. 2nd ed, - G Beran, 
Steele J, editors. Boca Raton, FL: CRC Press. 1994.

13. Warthin AS, Starry AC. A more rapid and improved method of 
demonstrating spirochetes in tissues. Am J Syph. 1920; 4: 97-
103.

14. Witmer GW, Martins H, Flor L. Leptospirosis in the Azores: the 
rodent connection. USDA national wildlife research center. Staff 
Publications. 2004; 401.

15. WHO – World Health Organization. Fatal leptospirosis, Azores 
islands. Wkly Epidemiol Rec. English, French. 2001; 76: 109-11.

16. Wobeser G. Investigation and management of disease in wild 
animals. New York: Plenum Press. 1994; 265.

https://pubmed.ncbi.nlm.nih.gov/1016164/
https://pubmed.ncbi.nlm.nih.gov/1016164/
https://www.tandfonline.com/doi/abs/10.1179/his.1988.11.3.149
https://www.tandfonline.com/doi/abs/10.1179/his.1988.11.3.149
https://www.tandfonline.com/doi/abs/10.1179/his.1988.11.3.149
https://pubmed.ncbi.nlm.nih.gov/9258550/
https://pubmed.ncbi.nlm.nih.gov/9258550/
https://pubmed.ncbi.nlm.nih.gov/9258550/
https://pubmed.ncbi.nlm.nih.gov/9258550/
https://pubmed.ncbi.nlm.nih.gov/25255143/
https://pubmed.ncbi.nlm.nih.gov/25255143/
https://pubmed.ncbi.nlm.nih.gov/25255143/
https://pubmed.ncbi.nlm.nih.gov/25255143/
https://pubmed.ncbi.nlm.nih.gov/20413339/
https://pubmed.ncbi.nlm.nih.gov/20413339/
https://pubmed.ncbi.nlm.nih.gov/20413339/
https://pubmed.ncbi.nlm.nih.gov/11292640/
https://www.researchgate.net/publication/249943678_Mammals_from_the_Azores_islands_Portugal_An_updated_overview
https://www.researchgate.net/publication/249943678_Mammals_from_the_Azores_islands_Portugal_An_updated_overview
https://www.researchgate.net/publication/249943678_Mammals_from_the_Azores_islands_Portugal_An_updated_overview
https://www.sciencedirect.com/science/article/abs/pii/S0034528818337226
https://www.sciencedirect.com/science/article/abs/pii/S0034528818337226
https://pubmed.ncbi.nlm.nih.gov/7281461/
https://pubmed.ncbi.nlm.nih.gov/7281461/
https://pubmed.ncbi.nlm.nih.gov/7281461/

	Abstract
	Introduction
	Material and Methods 
	Ethical Statements 
	Source of Specimens 
	Histopathology

	Results and Discussion 
	Conclusion
	References
	Figure 1
	Figure 2

