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üThe integrated WNV monitoring program 
established by the Veterinary Directorate MoA was 
active from spring - May 2014, June 2015, 2017, 
2018, 2019, 2021, 2022, 2023, 2024 and 2025.

ü The main aim of the program ς early detection of 
WNV presence in the environment due to the 
application of timely control measures - the control 
of vectors (mosquitoes) and prevention of disease 
outbreaks (epidemics) in humans and animals

ü Surveillance program is based on monitoring of 
antibodies in sentinel animals (WNVIgGin horses
and poultry in 2014; only WNV IgM antibodies in
horsesfrom 2015 to 2021; from 2022 IgM Ab in
horses and IgG Ab in calves) as well as on 
monitoring the presence of the virus in natural 
hosts and vectors (wild birds and mosquitoes)
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üActive surveillance was conducted: 

× serological testing of sentinel horses(ELISA IgM Ab), chickens (IgG) or cattle 
(IgG Ab)

× testing on virus presence in mosquito vectors (RT-PCR) 

× testing on virus presence in samples of found dead / alive captured 
susceptible wild birds (RT-PCR)

ü Passive surveillance ς serological testing (pared sera samples) and testing of virus 
presence in samples of horses with clinical signs of neurological disorders.

ü By active and passive surveillance all municipalities in Serbia were covered, 
distribution of sampling points is determined based on risk assessment of exposure 
to WNV. 
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Integrated veterinaryWNV monitoring program in Serbia

üBased on the existing knowledge on presence and circulation of WNV, regions / Districts in 
Serbia were, regarding the risk of WNV infection divided into Districts of higher and Districts of 
lower risk for WNV infection (for program 2014):

Higherrisk areas- Districts Lowerrisk areas- Districts

Severno-ōŀőƪƛ ƻƪǊǳƎSeverno-banatski okrug

Zapadno-ōŀőƪƛ ƻƪǊǳƎaŀőǾŀƴǎƪƛ ƻƪǊǳƎ

WǳȌƴƻ-ōŀőƪƛ ƻƪǊǳƎ.ǊŀƴƛőŜǾǎƪƛokrug

Srednje-banatski okrug Pomoravskiokrug

WǳȌƴƻ-banatski okrug Borski okrug

Sremski okrug ½ŀƧŜőŀǊǎƪƛ ƻƪǊǳƎ

Grad Beograd Zlatiborski okrug

Kolubarski okrug aƻǊŀǾƛőƪƛ ƻƪǊǳƎ

Podunavski okrug Rasinski okrug

~ǳƳŀŘƛƧǎƪƛ ƻƪǊǳƎbƛǑŀǾǎƪƛ ƻƪǊǳƎ

wŀǑƪƛ ƻƪǊǳƎ ¢ƻǇƭƛőƪƛ ƻƪǊǳƎ

Pirotski okrug

Wŀōƭŀƴƛőƪƛ ƻƪǊǳƎ

tőƛƴƧǎƪƛ ƻƪǊǳƎ



Integrated veterinaryWNV monitoring program in Serbia

üBased on the existing knowledge on presence and circulation of WNV, regions / Districts in 
Serbia were, regarding the risk of WNV infection divided into Districts of higher and Districts of 
lower risk for WNV infection (for program 2023):

Higherriskareas- Districts Lowerriskareas- Districts

North.ŀőƪŀ District Bor District

West.ŀőƪŀDistrict ½ŀƧŜőŀǊ District

South.ŀőƪŀDistrict Zlatibor District

North BanatDistrict Rasina District

CentralBanatDistrict bƛǑŀǾŀ District

SouthBanatDistrict Toplica District

Srem District Pirot District

Cityof Belgrade Jablanica District

Podunavlje District tőƛƴƧǎƪƛDistrict

.ǊŀƴƛőŜǾƻDistrict

aŀőǾŀ District

Kolubara District

~ǳƳŀŘƛƧŀ District

Pomoravlje District

wŀǑƪŀ District

Moravica District



Active surveillance:

Serological testing of sentinel poultry (only in 2014) ς Surveillance of 
sentinel poultry in  villages ς backyards ς poultry hatched during 2014 

Surveillance in higher risk areas/counties:

×serological testing in period May - September 

× in 10 settlements / County, 5 samples per settlement from at least 1 backyard 

× 6 samplings (1 in May; 1 in June; 2 in July; 1 in August and 1 in September (until 
15th)  

Surveillance in lower risk areas/counties :

× serological testing in period June - September

× in 6 settlements / County, 5 samples per settlement from at least 1 backyard

× 4 samplings (1 in June; 2 in July; 1 in August and 1 in September (until 15th)

National veterinaryWNV monitoring program in Serbia



Active surveillance:

Serological testing of sentinel horses

üSurveillance in higher risk areas/counties:

×serologicaltesting four time per year(June-July-August-September), 

×40 sentinel horses(20 ς 40) sampledfrom at least8 localities per District

× New from 2022 ς 40 sentinel calves (6 to 8 months old) from at least10
localities per District

üSurveillance in lower risk areas/counties :

×serological testing four time per year(June-July-August-September),

×20 sentinel horses(10 ς 20) sampledfrom at least5 localities per District

× New from 2023 ς 20 sentinel calves (6 to 8 months old) from at least5
localities per District

Integrated veterinaryWNV monitoring program in Serbia



üSurveillance in higher risk areas/counties:

× in tissue samples of 30 found dead suspect wild birds during the whole year, or

× in samples of up to 30  planned hunted or live captured susceptible wild birds 
during June ς October

üSurveillance in lower risk areas/counties:

× in tissue samples of up to 20 found dead susceptible wild birds during period 
June ς October

Active surveillance:

Surveillance of WNV presence in wild birds - testing by RT-PCR or real time 
RT-PCR methodology

Integrated veterinaryWNV monitoring program in Serbia



üSurveillance in higher risk areas/Districts:

× sampling of mosquitoes every 2 weeks in period June (May)ς August 
(September) 

× at 10 localities distributed throughout the whole territory of the District

× 4 ς 5 samplings(2 pools per sample tested if > 300 mosquitoes)

üSurveillance in lower risk areas/Districts:

×sampling of mosquitoes every 2 weeks in period June ς August (September)

× at 5 localities distributed throughout the whole territory of the District

× 4 ς 5 samplings(2 pools per sample tested if > 300 mosquitoes)

Active surveillance:

Surveillance of WNV presence in vector Mosquitoes (Culex pipiens) - testing 
by RT-PCR or real time RT-PCR methodology

National veterinaryWNV monitoring program in Serbia



Comparison of WNV positive samples in 
surveillance and human WNND cases in 2014



Region - District

Sentinel horses-blood sera 

for anti-WNV IgG Ab

Sentinel ckicken-blood sera 

for anti-WNV IgG Ab

Mosquitoes 

(Culex pipiens)

Wild birds (tissues and 

tracheal swabs)
Human cases*

Tested Positive
First pos. 

reported
Tested Positive

First pos. 

reported

Tested 

pools

Positive 

pools

First pos.  

reported
Tested Positive

First pos. 

reported

First case 

reported

Total No 

cases

Bor 66 0 120 0 15 0 0 - - - -

ZajeĽar 125 0 120 0 20 0 0 - - - -

Podunavlje 45 0 250 1 11/06 70 0 80 0 - 29/08 3 (4)

BraniĽevo60 0 250 1 15/06 70 0 65 0 - - -

ġumadija 39 0 90 12 25/08 20 0 0 - - 02/10 1

Pomoravlje 66 15 26/08 90 1 25/08 30 0 98 0 - - -

South Banat 122 4 29/07 220 10 04/07 75 4 30/07 6 0 - 29/08 16 (19)

Kolubara 12 0 100 9 21/08 27 0 71 0 - 22/08 3 (4)

MaĽva 83 0 95 0 42 0 55 0 - - -

Central Banat 100 4 17/07 255 46 15/06 70 6 16/07 23 0 - - -

NiĢava 72 1 28/07 120 0 25 0 0 - - 17/07 (1)

PĽinja 87 0 120 0 25 0 0 - - - -

Pirot 90 0 120 1 24/07 25 0 0 - - - -

Jablanica 88 0 115 1 24/07 25 0 0 - - - -

Toplica 72 0 110 9 12/07 25 0 0 - - - -

West BaĽka110 2 23/08 140 1 23/08 23 3 04/09 21 1 21/09 - -

North Banat 71 6 21/08 88 9 26/08 25 1 04/09 9 0 - - -

North BaĽka118 4 30/08 194 4 28/08 82 6 16/07 20 1 29/07 - -

South BaĽka 130 5 21/07 262 4 08/08 64 1 30/07 22 0 - 17/07 3 (5)

Srem 95 8 15/07 201 6 29/07 68 0 16/07 13 0 - 22/08 5 (6)

Rasina 81 0 104 1 05/07 30 0 100 0 - - -

RaĢka 87 1 20/07 89 0 30 1 30/08 70 0 - 10/09 (1)

Moravica 86 0 112 0 25 0 127 0 - - -

Zlatibor 68 0 70 0 25 0 0 - - - -

City of Belgrade 47 2 NN**/07 270 103 NN**/06 59 0 88 0 - 17/07 25 (35)

25 2020 52 3705 225 995 22 868 2 55 (76)

% 2.57 6.07 2.21 0.23

Firstpositive findingsin WNV surveillanceand first positivehuman WNND casesin 2014



Firstpositive findingsin WNV surveillanceand first positive
human WNND casesin 2014



Problems with sentinel animals in WNV 
surveillance

üPoultry (backyard chickens):

× the best possible sentinel speciesfor WNV surveillance (highly susceptible 
(birds); ornithophilic mosquitoes (Cx. pipiens) are virus vectors; very well 
distributed in the field)

× only poultry hacked after the previous vector season could be used as sentinels 
(mostly the young ones hatched in the early spring of the year of surveillance. 

at summer and autumn, the young animalscan not be recognizedfrom the
older poultry in the backyards(if were not marked); 

vets are not interested in sampling (do not like to run after the poultry in 
backyards during sampling & the price for sampling is low)

× animals are usually not marked (read never), and it is almost impossible to 
follow them; backyard poultry 

× blood samples are rarely or never collecting for any of state monitoring 
programs, so could not be used from sampling done for other purposes.

× the consequence ς samples collection is problematic and high number of false 
positive results exists due to the sampling of older birds



Comparison of WNV positive samples in 
surveillance and human cases of WNND in 2015



Region - District

Horses-blood sera for 

anti-WNV IgM Ab

Mosquitoes 

(Culex pipiens)

Wild birds (tissues and tracheal 

swabs) Human cases*

Tested Positive
First pos. 

reported

Tested 

pools

Positive 

pools

First pos. 

pool rep.
Tested Positive

First pos. 

reported

First case 

reported

Total No 

cases

Bor 108 0 20 0 0 0

ZajeĽar 102 0 20 0 1 0

Podunavlje 97 0 70 0 82 0

BraniĽevo 84 0 25 0 0 0

ġumadija 135 0 70 0 107 0

Pomoravlje 118 0 20 0 3 0

South Banat 198 2 28/09 71 4 04/08 17 1 08/10 10/08 7

Kolubara 148 0 15 0 200 0 02/11 1

MaĽva 87 1 09/09 9 0 53 0 02/11 1

Central Banat 189 2 28/07 70 2 10/08 1 1 20/09

NiĢava 120 0 20 0 0 0

PĽinja 120 0 19 0 0 0 05/10 1

Pirot 120 0 20 0 0 0

Jablanica 120 0 20 0 0 0

Toplica 120 0 20 0 0 0

West BaĽka234 2 28/08 68 3 30/08 18 3 23/08

North Banat 120 4 25/08 22 0 5 0

North BaĽka160 1 27/08 71 3 10/08 11 0

South BaĽka 186 1 28/09 69 6 13/06 8 1 14/08 05/10 2

Srem 140 0 67 2 21/07 11 0 05/10 1

Rasina 75 0 20 0 0 0

RaĢka 91 0 70 0 110 0

Moravica 123 0 20 0 0 0

Zlatibor 102 0 20 0 0 0

City of  Belgrade 141 4 NN**/06 40 0 93 2 NN**/10 14/09 15

25 3238 17 956 20 720 8 28

% 0.53 2.09 1.11

First positive findings in WNV surveillance and first positive human WNND cases in2015



First positive findings in WNV surveillance and first positive 
human WNND cases in2015



Comparison of WNV positive samples in 
surveillance and human WNND cases in 2017

Horses 6 (0.24%)+/2495;  wild birds 2 (0.52%)+/388 
and mosquitoes 22 (2.63%)+/837 tested

49 human WNND cases reported, 
from 6 districts; 2 lethal cases 



Comparison of WNV positive samples in 
surveillance and human WNND cases in 2018

Horses 44 (1.75%)+/2511;  wild birds 31 (8.49%)+/365 
and mosquitoes 98 (12.21%)+/802 tested

415 human WNND cases reported, 
from 17 districts; 36 lethal cases 



Comparison of WNV positive samples in 
surveillance and human WNND cases in 2019

Horses 10 (0.4%)+/2464;  wild birds 16 (2.87%)+/557 
Mosquitoes were not tested

27 human WNND cases reported, 
from 7 districts; 1 lethal case 



Comparison of WNV positive samples in 
surveillance and human cases of WND in 2021

Horses 7 (0.51%)+/1375;  wild birds 44 (12.68%)+/347 
and mosquitoes 54 (8.7%)+/618 tested

18 human WNND cases reported, 
from 6 districts; 3 lethal cases 



Problems with sentinel animals in WNV 
surveillance

üHorses

×excellent sentinel species for WNV surveillance (highly susceptible (rare 
mammal species that show clinical disease); responds to infection with synthesis 
of IgM antibodies ς sensitive and specific diagnostic test exists (ELISA); already 
proven as a good sentinels for WNV surveillance in many countries)

× only seronegative animals could be used as sentinels for surveillance (previous 
contact with the virus and presence of IgG antibodies in blood masks the acute 
infection and synthesis of IgM antibodies). 

smallnumberof horsesandnot well distributed in the field

most of the horses are pets or expensive sport animals for racing ς owners 
ŘƻŜǎƴΩǘ ǿƛǎƘ ǘƻ ŀƭƭƻǿ ǎŀƳǇƭƛƴƎΣ ŜǎǇŜŎƛŀƭƭȅ ǇŜǊƛƻŘƛŎ ƻƴŜǎ ŘǳǊƛƴƎ п ǘƻ с ƳƻƴǘƘǎΧ

in the endemic areas most of the horses have already been in contact with 
the virus (already seropositive) and can not be used as sentinels in the program 

× the consequence ς not enoughavailable/ usableanimalsfor the establishment
of sensitivesurveillance



Problems with sentinel animals in WNV 
surveillance

üWhat is the possible solution ς what animal species could be used as sentinels in 
WNV surveillance program if the backyard poultry and horses are not available / 
usable for different reasons? 

ü tƻǎǎƛōƛƭƛǘƛŜǎΥ ǇƛƎǎΣ ǿƛƭŘ ōƻŀǊǎΣ ǎƘŜŜǇΣ ŘƻƎǎΣ ŎŀǘǘƭŜΣ ƻǘƘŜǊ ŀƴƛƳŀƭ ǎǇŜŎƛŜǎΧΚ

× the animals have to be suspectable and to develop specific antibodies after 
contact (infection) with the WNV;

× blood sampling need to be easy, and the animals have to be widely 
distributed in the area;

× If possible, the chosen animals should be of those used for commercial 
purposes (not pets and expensive animals), so the animals are easily assessable 
for sampling and the animal owners not opposed from sampling;

× If possible, the chosen animals has to be marked ς in the vet monitoring 
system;

× if possible, blood samples from the chosen animal species are usually 
collected for other state monitoring programs, so could be used as already 
existing samples in the vet labsΧ.



Problems with sentinel animals in WNV 
surveillance

üYoung cattle (calves 6 ς8 month of age):

×good(acceptable)sentinelspeciesfor WNVsurveillance

susceptiblefor WNVinfection;

respondsto infection with synthesisof specificantibodiesςsensitiveand specific
diagnostictest exists(ELISA);

animalsmarked(in vet monitoring system)andverywell distributed in the field;

often alreadysampledfor other state monitoring programs(availablein the labs)

× detection of specific antibodies for WNV was confirmed by literature data 

× one PhD study and one pilot experiment, dedicated to testing cattle (the cows 
+ pregnant cows (º 150) + their newborn calves + monthly testing of those calves 
up to 6 month of age), on at least 20 farms of different capacity and locations, 
were conducted in 2020 and 2021 seasons at the area of 2 districts (one of high 
and another of lower risk for WNV infection;

× cattle develop detectable level of specific anti-WNV antibodies after natural 
WNV infection (often in high titer). Those antibodies persists a longer period of 
time (more than a year, depending on initial level ς titer). 



Problems with sentinel animals in WNV 
surveillance

× cows transfer WNV antibodies by colostrum to newborn calves. 

× WNV maternal antibodies in calves persists depending on the initial level in colostrum /  
in the blood of mother cow), but maximum up to 100 days of life (confirmed in more than 
25 calves)

× the conclusion ς presence(detection) of IgGantibodies (since commercial diagnostic 
tests (ELISA) for detection of those antibodies are present on the market) in younganimals
of 6 to 8 month of age,that were borne after the previousvector season,directly points
on acuteWNVinfection and present the evidencefor WNVcirculation in environment at
that specifictime and location/area;

üYoung cattle (calves 6 ς8 month of age):

×good(acceptable)sentinelspeciesfor WNVsurveillance

susceptiblefor WNVinfection;

respondsto infection with synthesisof specificantibodiesςsensitiveand specific
diagnostictest exists(ELISA);

animalsmarked(in vet monitoring system)andverywell distributed in the field;

often alreadysampledfor other state monitoring programs(availablein the labs)



Problems with sentinel animals in WNV 
surveillance

× the conclusion ς cattle as animal speciescan be used as sentinels in WNV
surveillanceprograms

the conclusion ς only young cattle borne after the previous vector season
could be usedassentinels(mostly the young calves born after November of the 
previous year)

the problems ςsince the nature of infection and available diagnostic tests that 
are sensitive, but less specific (detect IgG antibodies to all other related 
flaviviruses), the detectedIgGantibodiesin calveshasto be confirmedby VNTor
PRNTthat are WNVspecific(and not for example USUTU or TBE virus specific)

üYoung cattle (calves 6 ς8 month of age):

×good(acceptable)sentinelspeciesfor WNVsurveillance

susceptiblefor WNVinfection;

respondsto infection with synthesisof specificantibodiesςsensitiveand specific
diagnostictest exists(ELISA);

animalsmarked(in vet monitoring system)andverywell distributed in the field;

often alreadysampledfor other state monitoring programs(availablein the labs)



ü226human cases of West Nile disease, in 16 out of 25 Districts. 

üCity of Belgrade 98 cases, ~ǳƳŀŘƛƧa District 30, South Banat21, South .ŀőƪŀ16, 
Srem13, .ǊŀƴƛőŜǾo 13, Podunavski8, Central Banat7, Kolubara 4, Western .ŀőƪŀ4,
Pomoravlje 4, aŀőǾŀ3, North Banat2, Zlatibor 1, Moravica1 and Rasina District 1
case.

ü12cases resulted in lethal outcome

Reported human WNND cases in Serbia during 2022
(Batut andECDC)



Comparison of WNV positive samples in 
surveillance and human cases of WNND in 2022

Horses 25 (1.3%)+/1853; calves 140 (8.0%)+/1740; 
wild birds 25 (5.8%)+/431 & mosquitoes 34 (4.3%)+/792 tested

Detected WNV circul . in 14 (in 2, no H.C. det.) 
and failed in 4 districts



Comparison of WNV-Ab positive samples in 
surveillance and human cases of WNND in 2022

Detected WNV circul . in 10, 
and failed in 5 + 2 districts

Detected WNV circulation in 9 
and failed in 6 + 2 districts

1740 tested; 140 IgG+ (8.0%) 1853 tested; 25 IgM+ (1.3%)



Reported human WNND cases in Serbia during 2023
(Batut andECDC)

ü90human cases of West Nile neuroinvasive disease, in13 out of 25 Districts. 

üCity of Belgrade 23 cases, South .ŀőƪŀDistrict24, Srem10, West .ŀőƪŀ9, South 
Banat6, Central Banat 4, .ǊŀƴƛőŜǾo 3, North .ŀőƪŀ 2, North Banat 2, Kolubara 2,
aŀőǾŀ 2, Pomoravlje 2 and bƛǑŀǾŀ District 1 case. 2 cases with lethal outcome.

ü Until January 4, 2024, EU/EEA countries have reported 728 human casesof 
WNV infection in Italy (336), Greece (162), Romania (103), France (43), Hungary 
(29), Spain (19), Croatia (6), Germany (4) and Cyprus (1). In total 47 deaths 

ü EU-neighbouring countries have reported 91 human cases of WNV infection in 
Serbia (90) and North Macedonia (1). 



Comparison of WNV positive samples in 
surveillance and human cases of WNND in 2023

Horses 13+/1472; calves 181+/2770; 
wild birds 26+/523 & mosquitoes 22+/827 tested

Detected WNV circul . in 15 (in 5, no H.C. det.) 
and failed in 3 districts


