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Abstract 

Bagaza virus (BAGV) emerged in Spain, in 2010. Since then, BAGV was not reported in other European 

countries until September 2021, when BAGV was diagnosed by molecular methods in one corn bunting 

and several red-legged partridges, after abnormal mortality in Southern Portugal. Sequencing revealed 

high similarity with strains reported previously. 

 

Introduction 

Bagaza virus (BAGV) is a positive-sense and single stranded RNA virus. It belongs to the mosquito-borne 

cluster of the genus Flavivirus, family Flaviviridae from the Ntaya serocomplex, and has a great 

nucleotide similarity with Israel turkey meningoencephalitis virus (ITV) (1). Flavivirus genus includes a 

number of pathogenic viruses associated with neurological disease in various wild and domestic animals, 

and in humans, such as Bagaza, Usutu, West Nile, Japanese Encephalitis (JEV), Dengue, Zika and Yellow 

Fever viruses (1). BAGV was first isolated in 1966 from a pool of Culex mosquitoes in the Bagaza district 

of Central African Republic. Subsequently, it was detected in several species of mosquitoes, more 

recently, in Cx. perexiguus in United Arab Emirates (9) and Cx. univittatus in Namibia (10). In vertebrates, 
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BAGV associated-deaths were first detected in red-legged partridges (Alectoris rufa) and ring-necked 

pheasants (Phasianus colchicu) in Spain in 2010 (2), and a few years later, in 2016, in Himalayan monal 

(Lophophorus impejanus ) in South Africa (6). BAGV infection causes neurological disease in red-legged 

partridges, grey partridges (Perdix perdix), ring-necked pheasants, and, to a lower degree, in common 

wood pigeons (Columba palumbus) (1,2-6). The estimated mortality rates range from 23% to 30% in 

naturally and experimentally infected red-legged partridges (4,7), reaching 40 % in experimentally 

infected grey partridges (5). The rates are lower  in pheasants and in columbiformes (7,3). 

A study conducted in India in 1996, comprising 53 humans undergoing acute encephalitis showed a 15% 

positivity for BAGV neutralizing antibodies, suggesting its zoonotic potential (8). Despite sharing land 

borders with Spain, no evidence of BAGV circulation had been reported in Portugal. Here, we describe 

for the first time a BAGV outbreak associated with abnormal fatalities in red-legged partridges and one 

corn bunting (Emberiza calandra) in southern Portugal in autumn 2021. 

 

The study 

On September 1st, 2021, three red-legged partridges were found dead in a hunting ground in Serpa, 

southern Portugal. One of them was in advanced stage of decomposition and was not analysed. 

Subsequently, ten wild birds (nine partridges and one corn bunting) were found dead between 

September and mid-October in the same area (Table 1). The sighting reports of partridges with 

compatible neurological signs such as disorientation and motor incoordination were also reported 

locally (specimens not collected). Laboratory examinations were initially carried out at the IREC and 

CIBIO-InBIO. Official diagnosis was carried later, in October 2021 at the National Reference Laboratory 

of Animal diseases of Portugal (INIAV, I.P.). 

Overall, 12 birds found dead were subjected to detailed necropsy during which samples from several 

organs were collected for further analyses. For histopathology, organs were fixed in 10% neutral 

buffered formalin. In addition, growing feathers were collected from 30 partridges live-trapped in the 

same area on October 3
rd

, using cages with wheat bait (Permission number 4 – DGVF/DRCA/ 2021).  

Viral RNA was extracted from samples of feather pulp, brain, heart, kidney, spleen and/or intestine 

using TRIzol reagent (Merck, Madrid, Spain), or the IndiMag Pathogen Kit (Indical, Leipzig, Germany) in a 

King Fisher Flex extractor (ThermoScientific, Waltham, EUA), following manufacturers’ instructions. 

Molecular detection was carried out at the three laboratories involved in testing (IREC, CIBIO-InBIO and 

INIAV), following two strategies targeting different regions of the BAGV genome (NS2b, NS5 and 3’NTR) 

(Table 1): i) a duplex RT-qPCR (dRT-qPCR) for the simultaneous and differential detection of JEV and 

Ntaya flavivirus serocomplexes, using the a method previously described (11), and ii) a uniplex RT-qPCR 

specific for NS5 coding region of BAGV (12). Subsequently, two pan-flavivirus conventional RT-PCRs 

were used, namely a nested RT-PCR previously described (13) and an in house RT-PCR (INIAV, 

unpublished) targeting part of the NS5 and NS2b genes, respectively. The amplicons were purified and 

directly sequenced using the ABI Prism BigDye Terminator v3.1 Cycle sequencing kit on a 3130 Genetic 
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Analyser (Applied Biosystems, Foster City, CA, U.S.A.). These sequences were used for BLAST and 

phylogenetic analyses. 

The results showed that eight red-legged partridges and one corn bunting out of the 12 wild birds found 

dead (66.7%), and four out of 30 live-captured red-legged partridges (13.3%) tested positive for BAGV 

(Table 1, Table S1), confirming the cause of death. Three 108 bp sequences obtained from dRT-qPCR 

from two dead birds (Partridge 9 and the bunting) showed 100% similarity in the 3’NTR region with 

BAGV genome strains published from the 2010 outbreak in Spain (HQ644143) (Table 1). Six 110 bp 

sequences obtained in nested RT-PCR from six partridges showed 99.1% similarity with the BAGV strains 

mentioned above, due to one mutation (T to C, position 9095 in HQ644143) in the NS5 region. Two 171 

bp sequences obtained in RT-PCR from Partridges 7 and 8 showed 98.8% similarity with sequence 

HQ644143. 

Two phylogenetic trees were constructed using Maximum Likelihood method and Kimura 2-parameter 

model, operating MEGA software. These were based on concatenated NS5/3’NTR  (108 bp+110 bp; Fig 

1a) and NS2b (171 bp; Fig1b) sequences retrieved from public databases. In both trees, the BAGV-

Portugal 2021 sequences obtained from Partridge 9 (Fig 1a) and Partridge 7 (Fig 1b) grouped close to a 

cluster comprising strains from Spain-2010, Zambia-2013 and Namibia-2018. 

Upon necropsy, all birds were in good body condition suggesting an acute course of disease. 

Histopathology albeit hampered by autolysis and freezing artefacts revealed lymphoid depletion in the 

spleen, severe congestion and moderate to abundant diffuse mononuclear inflammatory infiltrates and 

focal necrosis in all tissues. The heart, brain, kidney and liver were the most affected organs (Fig 2). 

 

Discussion and Conclusions 

BAGV was detected for the first time in resident wild birds (red-legged partridges and corn bunting) in 

southern Portugal between September and October 2021. Moreover, 13.3% of live-captured red-legged 

partridges carried the virus in growing feathers, suggesting active circulation of BAGV in the region, 

evidencing the utility of growing feathers for BAGV detection in live birds in field studies. Red-legged 

partridge ecological and demographic studies are required to evaluate the extent and magnitude of 

BAGV outbreak in Portugal. However, significant population declines are expected based on mortality 

rate previously estimated for this species in the past (4,7). The additional finding of a fatal case in a 

songbird, the corn bunting, suggests that BAGV might have a broader spectrum and impact in wild bird 

species.  An integrated wildlife monitoring (IVM) on a wide range of bird species is proposed to disclose 

the magnitude of BAGV spread in the wild (14). In addition, efforts are needed to identify the vectors for 

BAGV in Portugal and their role on the epidemiology of disease. Culex univittatus is one of the putative 

competent vectors (10) detected by the nationwide surveillance of haematophagous arthropods in 

Portugal (REVIVE). Despite the high similarity between the strains from the 2021 outbreak in Portugal 

and those from Cádiz 2010 (Southern Spain), given the small size of the sequences produced, further 

genomic analysis is needed to elucidate the phylogenetic relationships with previously known BAGV 

strains. No conclusions can yet be taken regarding the origin of the infection. However, the introduction 
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by infected birds from North Africa or from Spain, or assuming that the disease may have persisted in 

southern Spain (15) constitute possible explanations. 

 

Acknowledgments 

We thank personnel from the hunting sector for their help during field work (sampling and capturing), 

and Dr Fernanda Simões (INIAV) for the sex determination of Patridges 7 and 8 by molecular methods. 

 

References 

1.  Benzarti E, Linden A, Desmecht D, Garigliany M. Mosquito-borne epornitic flaviviruses: An update 

and review. J Gen Virol. 2019;100(2):119–32. doi: 10.1099/jgv.0.001203. 

2.  Agüero M, Fernández-Pinero J, Buitrago D, Sánchez A, Elizalde M, Miguel ES, et al. Bagaza virus in 

partridges and pheasants, Spain, 2010. Emerg Infect Dis. 2011;17(8):1498–501. doi: 

10.3201/eid1708.110077. 

3.  Gamino V, Gutierrez-Guzman A V, Fernandez de Mera IG, Ortiz JA, Duran-Martin M, De la Fuente J, 

et al. Natural Bagaza virus infection in game birds in southern Spain. Vet Res. 2012;43(1):65. doi: 

10.1186/1297-9716-43-65. 

4.  Llorente F, Pérez-Ramírez E, Fernández-Pinero J, Elizalde M, Figuerola J, Soriguer RC, et al. Bagaza 

virus is pathogenic and transmitted by direct contact in experimentally infected partridges, but is 

not infectious in house sparrows and adult mice. Vet Res. 2015;46(1). doi: 10.1186/s13567-015-

0233-9. 

5.  Cano-Gómez C, Llorente F, Pérez-Ramírez E, Soriguer RC, Sarasa M, Jiménez-Clavero MÁ. 

Experimental infection of grey partridges with Bagaza virus: Pathogenicity evaluation and 

potential role as a competent host. Vet Res. 2018;49(1):1–5. doi: 10.1186/s13567-018-0536-8. 

6.  Steyn J, Botha EM, Lourens C, Coetzer JAW, Venter M. Bagaza virus in Himalayan monal pheasants, 

South Africa, 2016-2017. Emerg Infect Dis. 2019;25(12):2299–302. doi: 10.3201/eid2512.190756. 

7.  García-Bocanegra I, Zorrilla I, Rodríguez E, Rayas E, Camacho L, Redondo I, et al. Monitoring of the 

Bagaza virus epidemic in wild bird species in Spain, 2010. Transbound Emerg Dis. 2013;60(2):120–

6. doi: 10.1111/j.1865-1682.2012.01324.x. 

8.  Bondre VP, Sapkal GN, Yergolkar PN, Fulmali P V., Sankararaman V, Ayachit VM, et al. Genetic 

characterization of Bagaza virus (BAGV) isolated in India and evidence of anti-BAGV antibodies in 

sera collected from encephalitis patients. J Gen Virol. 2009;90(11):2644–9. doi: 

10.1099/vir.0.012336-0. 

9.  Camp J V., Karuvantevida N, Chouhna H, Safi E, Shah JN, Nowotny N. Mosquito biodiversity and 

mosquito-borne viruses in the United Arab Emirates. Parasites and Vectors. 2019;12(1):1–10. doi: 

10.1186/s13071-019-3417-8. 

10.  Guggemos HD, Fendt M, Hieke C, Heyde V, Mfune JKE, Borgemeister C, et al. Simultaneous 

circulation of two west nile virus lineage 2 clades and bagaza virus in the Zambezi region, Namibia. 

PLoS Negl Trop Dis. 2021;15(4):1–21. doi: 10.1371/journal.pntd.0009311. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 26, 2021. ; https://doi.org/10.1101/2021.11.26.470055doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.26.470055
http://creativecommons.org/licenses/by-nc-nd/4.0/


11.  Elizalde M, Cano-Gómez C, Llorente F, Pérez-Ramírez E, Casades-Martí L, Aguilera-Sepúlveda P, et 

al. A duplex quantitative real-time reverse transcription-PCR for simultaneous detection and 

differentiation of flaviviruses of the Japanese Encephalitis and Ntaya Serocomplexes in birds. Front 

Vet Sci. 2020;7. doi: 10.3389/fvets.2020.00203. 

12.  Buitrago D, Rocha A, Tena-Tomás C, Vigo M, Agüero M, Jiménez-Clavero MA. Real-time 

fluorogenic reverse transcription polymerase chain reaction assay for the specific detection of 

Bagaza virus. J Vet Diagnostic Investig. 2012;24(5):959–63. doi: 10.1177/1040638712452723. 

13.  Sánchez-Seco MP, Rosario D, Domingo C, Hernández L, Valdés K, Guzmán MG, et al. Generic RT-

nested-PCR for detection of flaviviruses using degenerated primers and internal control followed 

by sequencing for specific identification. J Virol Methods. 2005;126(1–2):101–9. doi: 

10.1016/j.jviromet.2005.01.025. 

14.  Cardoso B, García-Bocanegra I, Acevedo P, Cáceres G, Alves PC, Gortázar C. Stepping up from 

wildlife disease surveillance to integrated wildlife monitoring in Europe. Res Vet Sci. 2021; in press. 

doi.org/10.1016/j.rvsc.2021.11.003. 

15.  Llorente F, Pérez-Ramírez E, Fernández-Pinero J, Soriguer R, Figuerola J, Jiménez-Clavero MÁ. 

Flaviviruses in game birds, Southern Spain, 2011-2012. Emerg Infect Dis. 2013;19(6):1023–5. doi: 

10.3201/eid1906.130122. 

  

 

 

 
 
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 26, 2021. ; https://doi.org/10.1101/2021.11.26.470055doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.26.470055
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figures  

Figure 1. Maximum Likelihood trees based on concatenated 218bp of NS5/3’NTR (A) and 171bp of NS2b 

(B) from BAGV. Each of the two analyses involved 19 BAGV nucleotide sequences, with only one 

difference between trees, namely sequence EU684972, which is absent from Fig 1a, due to lack of 3’NTR 

region and, sequence MF380428 which is absent from Fig 1b, since it is identical to sequence MF380431. 

Duplicate sequences were removed from the alignments. Sequence HQ644143 is identical to HQ644144, 

KR108244, KR1082445 and KR108246; sequence MF380431 is identical to MF380425, MF380427, 

MF380432 and MF380433.The trees with the highest log likelihood are shown. The percentage of trees 

in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the 

heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a 

matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and 

then selecting the topology with superior log likelihood value. A discrete Gamma distribution was used 

to model evolutionary rate differences among sites (5 categories (+G, parameter = 0.3621)). The trees 

are drawn to scale, with branch lengths measured in the number of substitutions per site. Codon 

positions included were 1st+2nd+3rd+Noncoding. Evolutionary analyses were conducted in MEGA X.  

 

 
Figure 2: Microscopic lesions due to BAGV infection in red-legged partridges. Haematoxilin Eosin 

staining 400x magnification: A) liver: congestion, hemozoin presence in Kupffer cells, focal hepatocyte 

necrosis and a moderate mononuclear infiltrate are visible despite some freezing artefacts; B) heart: 

congestion, haemorrhage, oedema and degeneration of myofibers of the myocardium in addition to 

endothelial swelling and moderate to abundant diffuse mononuclear infiltrates; C) kidney: 

tubulointerstitial nephritis characterized by congestion, haemorrhage necrosis of proximal convoluted 

tubular epithelium and diffuse moderate to abundant mononuclear inflammatory infiltrate; D) brain: 

mild nonpurulent encephalitis with congestion mononuclear cell extravasation and endothelial cell 

swelling. 
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Tables 

 

Table 1: Data on the BAGV-positive specimens analysed in this study. 

      
Real time RT-PCR (RT-qPCR) 

 Pan-Flavivirus 

conventional RT-PCR 

Code Species Status 

Collection 

date Sex 

Age 

class 

Duplex RT-qPCR
1 

(3’NTR) 

 Uniplex RT-qPCR
2
  

(NS5) 

 nested RT-

PCR
3 

(NS5) 

 RT-PCR
4 

(NS2b) 

Feather Brain Kidney Spleen 
 

Heart Kidney Brain Intestine 
 Feather/ 

Spleen 

 
Heart 

Partridge 1 
A. rufa 

Found dead 01/09/21 Male Adult + - - -  nt nt nt nt  +(#)  nt 

Partridge 2 A. rufa Found dead 01/09/21 Male Adult - - - +  nt nt nt nt  +(#)  nt 

Partridge 3 A. rufa Found dead 28/09/21 Female Juvenile + + - nt 
 

nt nt nt nt  -  nt 

Partridge 4 A. rufa Found dead 29/09/21 Female Juvenile + + - nt  nt nt nt nt  +(#)  nt 

Corn Bunting E. calandra Found dead 09/10/21 unkown unkown - - - +(#) 
 

nt nt nt nt  -  nt 

Partridge 7 A. rufa Found dead 13/10/21 Male Adult nt nt nt nt  + + + +  nt  +(#) 

Partridge 8 A. rufa Found dead 13/10/21 Male Adult nt nt nt nt  + + + +  nt  +(#) 

Partridge 9 A. rufa Found dead 13/10/21 Female Juvenile +(#) +(#) + nt  nt nt nt nt  +(#)  nt 

Partridge 11 A. rufa Found dead 14/10/21 Female Juvenile + + + nt  nt nt nt nt  +(#)  nt 

Partridge 14 A. rufa Live-trapped 03/10/21 Male Adult + na na na  na na na na  +(#)  na 

Partridge 16 A. rufa Live-trapped 03/10/21 Male Adult + na na na 
 

na na na na  -  na 

Partridge 33 A. rufa Live-trapped 03/10/21 Male Adult + na na na 
 

na na na na  -  na 

Partridge 37 A. rufa Live-trapped 03/10/21 Male Juvenile + na na na 
 

na na na na  -  na 

+, positive; -, negative; nt, not tested; na, not applicable; # - samples for which successful sequences were obtained. 1- dRT-qPCR developed by Lizalde et al., 2020 for the 

detection of JEV and virus from the Ntaya serocomplex; 2- RT-qPCR developed by Buitrago et al., 2012 for the specific detection of BAGV, 3- nested RT-PCR developed by 

Sánchez-Seco et al. (2005) for the detection of Flavivirus; 4- RT-PCR, developed by the INIAV team (unpublished) 

 

 

Table 2: Information on the PCR methods used in this study for the molecular diagnosed of BAGV. 

System 
Target 

region 

Amplicon 
Reference of the 

method Size  
Position in sequence 

HQ644143 

dRT-qPCR 3’NTR 
171 bp 

(108 nt)* 
10510 to 10680 11 

RT-qPCR NS5 
61 bp 
(ns) 

9056 to 9116 12 

Nested RT-
PCR 

NS5 
143 bp 

(110 nt)* 
8996 to 9139 13 

In house 
RT-PCR 

NS2b 
209 bp 

(171 nt)* 
5426 to 5634 Not published 

 
* Size of BAGV sequence without the primers’ annealing sequences, used in BLAST and phylogenetic analyses; ns, not sequenced 
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A

BAGV Portugal 2021 (Partridge-7)

BAGV Spain 2010 (HQ644143)

BAGV Spain 2010 (HQ644143)

BAGV Zambia 2013 (LC318701)

BAGV Zambia 2013 (LC318701)

BAGV Namibia 2018 (MW672101)

BAGV Central African Republic 2004 (NC012534)

0.010

0.010

52

53
56

50

55
47

86

88

42

BAGV Senegal 1989 (MF380424)

BAGV Senegal 1989 (MF380424)

BAGV Senegal 2000 (MF380426)

BAGV Senegal 2000 (MF380426)

BAGV India 1996 (EU684972)

BAGV Senegal 2004 (MF380428)

BAGV Côte d’Ivoire 1988 (MF380429)

BAGV Côte d’Ivoire 1988 (MF380429)

BAGV Senegal 1989 (MF380430)

BAGV Senegal 1989 (MF380430)

BAGV Senegal 1994 (MF380431)

BAGV Senegal 1994 (MF380431) + BAGV Central African Republic 2004 (NC012534)

BAGV Senegral 2014 (MF380434)

BAGV Namibia 2018 (MW672101)

BAGV Portugal 2021 (Partridge-9)

B
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