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ABSTRACT

Background: Rabies in Turkey is maintained by dogs, but following a sustained spill-over, red fox mediated rabies
had spread from the Aegean region to the central part of Tiirkiye. During the past four years from 2019 to 2023
large scale efforts used oral rabies vaccination (ORV) to control rabies in red foxes. Here, we present the results of
the largest ORV campaign on the Asian continent.

Methods: ORV campaigns were carried out twice a year in spring and autumn with a targeted bait density of
20-23 baits/km?2 Monitoring of ORV campaigns included the GIS-based analyses of bait distribution, the
assessment of bait uptake through biomarker detection and the determination of seroconversion (sero-positivity
in ELISA) in the target species collected within the vaccination area. For determination of fox rabies incidence in
vaccination areas as the main indicator of the performance of the ORV campaigns, epidemiological data was
obtained from the national passive surveillance program.

Results: Aerial bait distribution was highly accurate, with >99 % of baits being recorded from targeted zones,
thus meeting the desired bait densities. Although the overall bait uptake (28.1 %; 95 %CI: 23.2-32.8) and
seroprevalance (36.3 %; 95 %CI: 30.0-43.2) were low, rabies incidence drastically decreased in ORV areas and
rabies was eliminated from western and central parts of Turkey, with no reported cases in foxes from ORV areas
in 2022 and 2023.

Conclusions: A large-scale ORV campaign against fox rabies using high quality vaccine baits and the GIS-aided
and monitored bait distribution was able to control fox mediated rabies in the western and central parts of
Tiirkiye. Rabies control both in dogs and foxes should be expanded to cover also the eastern parts of Tiirkiye, to
become eventually rabies free.

1. Introduction

program, the epizootic spread eastward and southward within the fox
population in subsequent years (Fig. 1) [5]. Phylogenetic studies

Rabies has been present in what is now modern Tiirkiye ever since
antiquity [1], with dogs (Canis lupus familiaris) being the main reservoir.
Control measures in recent decades had reduced the incidence of dog-
mediated rabies to a relatively low level, with only a few foci persist-
ing, particularly in urban areas [2]. As in most other Middle Eastern
countries [3], rabies cases in wildlife in Tiirkiye were rarely reported,
with a share of 1.6 %, mainly in red foxes (Vulpes vulpes) and golden
jackals (Canis aureus) [4]. In Tiirkiye, a well-established surveillance
network detected the emergence of fox rabies in the Aegean province of
Izmir in 1999 [2,5-7]. In the absence of an active wildlife rabies control
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revealed that the rabies virus (RABV) isolated from these foxes was
closely related to the strain circulating in dogs from this region, indi-
cating a sustained cross species transmission (CST) with foxes now
maintaining dog rabies variants in the region [8,9]. Large parts of cen-
tral Anatolia had not reported any rabies case for many years prior to the
arrival of the new fox epizootic, although hundreds of animals had been
submitted for rabies diagnosis. Upon incursion of fox rabies also several
rabid dogs were reported from this area, which were proven to be re-
introductions of the RABV variant circulating in foxes, as whole
genome sequencing data showed [9].
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Fig. 1. Map showing major geographical regions of Tiirkiye, with the Anatolian
Region (A), the Mediterranean Region (B) and the Central Anatolian Region (C)
indicated. The black dot indicates the location of the first reported cases of fox
rabies in 1999, while the black lines indicate the gradual eastward spread of the
epidemic fox rabies front. Areas in grey and blue represent ORV areas from
2008 to 2010 and from 2014 to 2016, respectively. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)

As oral rabies vaccination (ORV) has been proven an effective
intervention tool for rabies control in terrestrial wildlife in Europe
[10,11] and North America [12,13], the first ORV program for wildlife
rabies control was implemented in Tiirkiye in 2008, approximately a
decade after the start of the outbreak. As a result, fox rabies was suc-
cessfully eliminated from a selected area in the Aegean region covered
by ORV between 2008 and 2010 [5]. Because the entire affected area
could not be treated at the time, reinfection of the formerly freed area
from the neighboring eastern regions occurred after ORV campaigns
ended, as well as a continued spread towards previously rabies-free
Central Anatolia and beyond. The latter threat prompted the establish-
ment of a vaccination corridor from the Black Sea to the Mediterranean
Sea as part of a second round of ORV campaigns from 2014 to 2016 to
prevent further spread to the east (Fig. 1). Although cases of fox rabies
were observed east of the corridor, the causative RABVs were genetically
distinct from those originating from the Aegean region and found in
foxes west of the corridor suggesting that the emergent Aegean fox clade
had not spread eastwards beyond the vaccination corridor but was about
to meet a different fox RABV variant prevailing in Eastern Anatolia [9].
Unfortunately, the vaccination efforts could not prevent the re-
emergence among others in areas treated in the period 2014-2016
(Fig. 1). Therefore, a new strategic approach to rabies control, i.e. large-
scale ORV campaigns became necessary if fox rabies was to be elimi-
nated in the Aegean Region, the Mediterranean Region and the Central
Anatolian Region. This paper describes the planning, implementation,
and evaluation of the largest EU-supported ORV program outside
Europe in light of the prevailing epidemiological situation in Tiirkiye.

2. Material & Methods
2.1. Vaccine baits

The selection of vaccine baits for the ORV program followed a
rigorous tender procedure that required vaccine bait candidates to meet
a set of minimum requirements in accordance with the tender specifi-
cations issued by the Ministry of Agriculture and Forestry (MoAF) in
Ankara, Tiirkiye.

The choice was Fuchsoral (SAD B19), a vaccine strain widely used in
Europe since 1983 [10,14,15] and had proven successful during previ-
ous campaigns in Tiirkiye [5]. Each vaccine batch had to pass a release
assay at the National Rabies Reference Laboratory at the Etlik Veterinary
Control and Research Institute (VCRI) confirming that the vaccine virus

One Health 19 (2024) 100877

titre was above the minimum effective dose (> 10%° FFU/ml). Before
shipment to Tiirkiye, the vaccine batches were also tested for potency by
an independent laboratory (WOAH Reference Laboratory for Rabies at
the Friedrich-Loeffler Institute, Greifswald — Insel Riems, Germany)
including a stress test whereby the titre of the vaccine was determined
after baits were exposed to +25 °C for 7 days, and a bait stability test by
exposing baits for one hour at +40 °C in accordance with requirements
of the EU [16].

2.2. Vaccination campaigns

In general, planning, implementation and evaluation of ORV cam-
paigns followed several guidance documents but were adapted to the
prevailing conditions in Tiirkiye [16,17]. ORV campaigns were carried
out twice a year in spring and autumn from 2019 to 2022.

2.2.1. Selection of vaccination areas

The primary parameter for the selection of ORV areas was the
epidemiological situation, i.e. areas where foxes and cattle rabies cases
were recorded during the year prior to the planned campaign. The
resulting size of the area to be covered by ORV was then determined
based on number of baits available and targeted bait density. Due to the
predetermined number of baits available per campaign, it was obvious
that the entire western part of the country could not be covered. Prior to
each follow-up campaign, the situation was re-assessed and if deemed
necessary small adaptations were implemented. Within the vaccination
area, target and non-target areas (among others; urban areas, water
surfaces, areas 1500 m above sea level and areas with a no-fly zone [like
military areas]) were identified using available geospatial data and
omitted from aerial bait distribution. During the ORV campaigns in
spring and autumn, vaccine baits were distributed from February to
April and October to December, respectively. There was no hand dis-
tribution of baits carried out in any of the ORV campaigns.

2.2.2. Aerial distribution

Fixed-wing aircrafts, i.e. Socata TBM 850 planes, were used for aerial
distribution of baits, flying at 1000 ft altitude with an average speed of
170-180 km/h. Different airports were selected and used to optimize
cost-effectiveness. For bait distribution a fully automated aerial baiting
system (SURVIS) was used consisting of a Global Positioning System
(GPS) receiver connected to a computer that controls the automatic
process of releasing the vaccine baits from the plane by considering the
specified bait density, position and speed of the aircraft [18]. Further-
more, the GPS-receiver allows the pilot to navigate with maximum
precision along the pre-set flight routes. For the determination of flight
routes special software is used considering the most cost-effective flight
path within the vaccination area taking e.g., load capacity, distance
between flight lines (1000 m), total flight distance and return flight
without pay load into account. Upon receiving a signal from the control
unit based on the targeted bait density (20-23 baits/kmz), position and
speed, a bait is dropped from the drop machine, which is equipped with
a sensor to register the droppings (position and time) from the plane
through the drop pipe. The data is encrypted and therefore free from
manipulation by the crew or third parties.

2.2.3. Transport and storage of vaccine baits

Vaccine baits were transported by cold trucks from the manufacturer
to Etlik-VCRI in Ankara, Tiirkiye. After temporary storage at this facility,
baits needed for the vaccination area covered by a particular airport
were brought to the airport in cooling trucks (—20 °C), which remained
there as cold storage until bait distribution in the target area was
completed. Storage and transportation conditions (<—20 °C) were
monitored through temperature data loggers as recommended [16,17].
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2.3. Post-campaign monitoring

2.3.1. Evaluation of aerial distribution

For data analysis, the data generated by SURVIS were transferred to
the AERIAL FLIGHT MANAGEMENT software (GeoFly GmbH, Magde-
burg - Germany), a newly developed, ISO-certified system for high-
resolution qualitative evaluation of individual bait distribution per
flight activity. After deciphering, the GeoFly system automatically
analysed flight data by generating maps depicting individual flight
routes and bait drops, with achieved bait density subdivided in sub-
groups [0-4, 5-9, 10-15, 16-25, 26-30, >30 baits/kmz], as well as bait
drops in predetermined targeted and non-targeted areas. Simulta-
neously, graphs of bait distribution over time, bait density distribution,
and distance (m) between two consecutive bait drops were generated.

2.3.2. Monitoring of ORV campaigns

Monitoring of the effectiveness of ORV campaigns included assess-
ment of bait uptake through biomarker detection and determination of
seroconversion in the target species collected within the vaccination
area in a fixed period after the campaign following EU guidelines
[16,17]. For this purpose, special permission was obtained from the
Ministry of Agriculture and Forestry, General Directorate of Nature
Conservation and National Parks to collect foxes during a predetermined
period approximately one month after the campaign was finished. Foxes
in ORV areas were shot at random by local hunters and collected by
Provincial Veterinary Authorities and then sent frozen to Etlik VCRI.

Age determination (young vs adult foxes) was carried out by visual
inspection of incisival tooth wear and/or by examining the width of the
pulp cavity of the canines [19]. Detection of the bait marker, tetracy-
cline (TC), in the teeth or mandibles of control foxes was conducted by
examining thin sections using a fluorescence microscope as described
before [20]. To establish seroconversion, rabies specific binding anti-
bodies in fluids from the thoracic cavity were detected using a
commercially available ELISA (BioPro Rabies ELISA, Czech Republic) as
described [21,22]. A 40 % inhibition of the test serum compared to the
negative control was considered as the cut-off for seropositivity, pro-
vided that the internal validity criteria indicated in the instruction of the
manufacturer were met.

2.3.3. Rabies surveillance

For determination of fox rabies incidence in vaccination areas as the
main indicator of the performance of the ORV campaigns, epidemio-
logical data was obtained from the national passive surveillance pro-
gram. Besides a spatial and temporal analysis of all rabies positive
animals, also the data from all rabies negative animals originating from
the vaccination area and submitted for rabies diagnosis were collected.
Routine rabies surveillance and diagnosis as established at the eight
provincial rabies diagnostic laboratories included antigen detection by
fluorescent antibody test (FAT) on brain impression and smears [23]
using a commercially available FITC-labeled anti-rabies hyperimmune
serum (Fujirebio Diagnostics, United States). For indeterminant results,
brain samples were also investigated for the presence of RABV specific
RNA using RT-qPCR [24].

3. Results
3.1. ORV campaigns

A total of 120 batches of Fuchsoral were used from 2019 to 2022. The
mean titres at the FLI were 6.98 FFU/ml (95 % CI 6.95-7.02) at arrival
and 6.50 FFU/ml (95 % CI 6.45-6.53) after the stress test. All bait cas-
ings remained intact for one hour at +40 °C. A total of seven ORV
campaigns were carried out during the program from 2019 to 2022 with
vaccination areas roughly between 200,000 and 250,000 km? per
campaign covering approximately 25-30 % of the total land mass of
Tiirkiye (Table 1). Adaptations in the areas to be covered in subsequent
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Table 1
Overview of the seven ORV campaigns conducted from Autumn 2019 to Autumn
2022, Tiirkiye.

Nr  From Till Duration  Number of Area Nr. of
(days) flying days (km?) baits*
19/09/ 03/11/
1 2019 2019 45 35 225,000 4,454,950
23/02/ 26/04/
2 2020 2020 63 39 225,000 5,505,952
06/10/ 21/11/
3 2020 2020 46 40 225,000 5,503,519
20/02/ 29/04/
4 2021 2021 68 39 236,679 5,509,591
09/10/ 24/12/
5 2021 2021 76 41 244,029 5,498,289
15/02/ 29/04/
6 2022 2022 73 35 198,583 4,385,692
19/10/ 09/01/
7 2022 2023 82 49 207,142 4,505,456

" - number of baits dropped as counted by the SURVIS system.

ORYV campaigns were made based on the available epidemiological data
(Fig. 2).

Because of bad weather conditions, planes could not always fly, so
vaccine baits had to be distributed over a longer period of time than
anticipated. This was predominantly a problem during the last two
autumn campaigns: The 5th and 7th ORV campaign lasted till the end of
December 2021 and early January 2023, respectively (Fig. 3).

3.2. Evaluation of aerial distribution

More than 99 % of the baits distributed were dropped within pre-
determined target areas during all seven campaigns, and most of the
baits dropped in non-target areas were released in mountains 1500 m
above sea level (Table 2, Supplementary Fig. 1). While the average bait
density per km? was 22.23, the percentage of individual 1 km x1km grid
cells within ORV areas with bait densities higher than 16 and 26 baits/
km? ranged between 94.7 and 95.7 % and 47.8 and 65.9 %, respectively
(Fig. 3, Supplementary Fig. 2).

3.3. Monitoring of ORV campaigns

From 2019 to 2022, a total of 328 control foxes were submitted for
testing to Etlik VCRI; on average 47 animals per campaign (range: 28-64
animals per campaign). The overall bait uptake (detection of TC in
teeth) and seroprevalance (sero-positivity in ELISA) was 28.1 % (95 %
CIL: 23.2-32.8) and 36.3 % (95 %CI: 30.0-43.2), respectively. However,
there were large fluctuations in both parameters during the different
campaigns (Table 3). Only for the Autumn 2022 campaign, there was
significant difference (p = 0.009; Fisher’s [exact] test) between the
proportion of foxes that seroconverted (55.6 %), compared to the pro-
portion of foxes that tested positive for the presence of the bait marker
(16.1 %).

3.4. Rabies surveillance

In Tiirkiye, between 2013 and 2022 rabies in animals declined from a
peak in 2014 with 728 reported cases to 151 rabies cases reported in
2021. In 2022, the number of rabies cases reported increased to 277.
Rabies cases in foxes also peaked in 2014 and declined afterwards with a
single case reported in 2021, followed by 5 reported cases in 2022
(Fig. 5A).

From 2019 to 2022, a total of 1026 animals from ORV areas (Fig. 2)
were submitted in the frame of rabies routine surveillance. As the
vaccination area was not fixed during the entire period, the allocation
‘within vaccination area’ was based on the day the case report was filed
and the vaccination area treated preceding this date (except for 2019 as
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Fig. 2. The vaccination area (red marked) and the reported rabies cases of 4 subclasses (fox, other wildlife, dogs, livestock) per year, 2019-2022. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 2

Number of baits dropped within target (with percentage in parenthesis) and non-target areas.

Campaign Target areas Average bait density per km? Non-target areas
urban water outside mountain total

Autumn 2019 4,438,790 (99.6 %) 19.0 98 867 15,195 16,160
Spring 2020 5,489,101 (99.7 %) 23.2 101 1,303 12,894* 16,851
Autumn 2020 5,486,770 (99.7 %) 23.6 1,144 368 5135* 16,749
Spring 2021 5,494,811 (99.7 %) 23.2 997 845 1,269 11,669 14,780
Autumn 2021 5,481,451 (99.7 %) 22.9 1,516 1,316 2,942 11,604 16,838
Spring 2022 4,378,115 (99.8 %) 22.0 1,265 1,168 622 4,525 7,580
Autumn 2022 4,496,796 (99.8 %) 21.7 1,571 1,465 650 4,966 8,660

" during the campaign baits dropped in areas 1500 m above sea level were included in the group ‘outside’.

only one campaign took place). Also, the exact location of the animal
was not always available, in this case the capital of the province
involved was selected. Of those, 30 % (n = 306) tested rabies positive.

Generally, rabies cases in the ORV area sharply declined, from 223
cases in 2019 to 93 cases in 2020, 9 cases in 2021 and only 3 cases in
2022. Fox rabies cases were only detected in 2019 (n = 6) and 2020 (n =

7), whereas between 59 and 87 fox samples were tested for rabies per
years from 2019 to 2022 (Fig. 5B).

Spatially, while rabies was present in most parts of the country in
2019 and 2020, there were only sporadic cases in the Central Anatolian
Region of Tiirkiye and the Aegean Region in 2021. In 2022, only two
cases were reported from the Aegean region while there were no cases
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Table 3
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Summary of the control foxes submitted after each vaccination campaign, incl. Sampling period, serology (ELISA) and presence of bait marker (TC) in teeth sections (n/
N: number of samples testing positive (n) and number of samples tested (N)). P-value of Fisher’s test comparing the proportion of foxes that seroconverted with the

proportion of animals positive for the bait marker.

Campaign Sampling period Seroconversion Bait marker (TC) Fisher’s test
from till n/N % 95 % CI n/N % 95 % CI p-value
Autumn 2019 20/12/2019 18/02/2020 09/62 14.5 7.8-23.5 6/63 9.5 4.4-19.3 0.423
Spring 2020 12/07/2020 18/08/2020 07/31 22.6 11.4-39.8 8/43 18.6 9.7-32.6 0.772
Autumn 2020 13/01/2021 09/03/2021 16/32 50 33.6-66.4 15/51 29.4 18.7-43.0 0.067
Spring 2021 25/.06/2021 09/07/2021 10/20 50 29.9-70.1 17/53 32.1 21.1-45.5 0.182
Autumn 2021 09/02/2022 07/03/2022 16/31 51.6 34.8-68.0 29/55 52.7 41.5-67.3 >0.999
Spring 2022 23/06/2022 07/07/2022 05/07 71.4 35.9-94.9 11/28 39.3 23.6-57.6 0.208
Autumn 2022 24/01/2023 28/02/2023 10/18 55.6 33.7-75.4 5/31 16.1 7.1-32.6 0.009
Total 73/201 36.3 30.0-43.2 91/324 28.1 23.2-32.8 0.053

Of 328 control foxes 201 combined data sets on seroprevalence and bait marker was available (Supplementary Table 1). Most animals (58.2 %, n = 117) tested negative
for both parameters, only 21.9 % (n = 44) had evidence of antibodies and bait marker.

reported in the central part of Tiirkiye, while most cases were notified
from the southeastern parts of the country (Fig. 2). In 2023, rabies cases
occurred exclusively in the latter region (Fig. 6).

4. Discussion

Spillover rabies infections have been reported many times but most
often these involve single cases or a limited number of onwards in-
fections [25,26]. The emergence of fox mediated rabies in the Aegean
Region of Tiirkiye as a result of a spillover from dogs was monitored in
near realtime [4,6,8]. The subsequent host shift highlights the fact that
cross-species transmission from dogs to foxes is more likely to occur due
to the generally high susceptibility of foxes for dog-adapted rabies vi-
ruses [27,28], especially when canine rabies is endemic or dog rabies
control is not consistently followed through.

As fox-mediated rabies was a new phenomenon in Tiirkiye, the
existing rabies control measures traditionally targeting dog-mediated
rabies prevented the re-establishment in the original reservoir in Cen-
tral Anatolia, but were inadequate to control this outbreak in foxes.
Because of promising results from initial ORV campaigns [5], a large EU-
supported ORV program was conducted in Tiirkiye from 2019 to 2022.

Ad hoc analyses using state of the art GIS technology demonstrated a
high precision of bait distribution using fixed-winged aircraft, with more
than 99 % of baits being distributed in previously selected areas
(Table 1, Supplementary Fig. 1). Bait dropping in other areas can be
considered irrelevant and are often a result of slight deviations from the
flight line due to wind turbulences. Within ORV areas, most square
kilometres were actually baited with the recommended and planned bait
density (Fig. 4). As a result, while monitoring indicated relatively low
bait uptake and seroconversion in foxes (see discussion below), the
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Fig. 4. Proportion of different bait densities in the ORV areas per campaign.

rabies incidence as the ultimate measure of the campaigns’ impact [11]
demonstrated a success, both in the decrease of cases reported and the
area affected by rabies (Figs. 2, 5-6). Actually, no rabies cases in foxes
and other animal species, including dogs, were reported in the targeted
area at the end of the campaign series. The fact that also no cases in dogs
were reported in the targeted areas (Figs. 4, 5) indicate that there was no
sustained dog-to-dog transmission in the ORV areas and these cases in
dogs were spill-over events from foxes. Such decline of rabies cases in
target (i.e. foxes and raccoon dogs) and other species was also seen in
successful European ORV programmes [11]. However, dog vaccination
campaigns using parenteral vaccines were carried out at the same time
in Tiirkiye and may have also contributed to the overall reduction of
cases (Fig. 5A).

The only other two countries that systematically distributed baits
outside Europe and North America are Israel (red fox, golden jackal) and
South Korea (raccoon dog) since 1998 and 2000, respectively [29,30].
Reports from other Asian countries on ORV campaigns have been pub-
lished but it is not known if they are conducted in a systematic way or
more ad hoc [31,32].

In Tiirkiye, the protocol for the implementation of the ORV cam-
paigns largely followed the recommendations made by the EU [17], but
needed to be modified in order to consider the local situation. For
example, it is recommended that during the Spring campaign baits
should be preferably distributed during May or June in order to reach
also the young fox population [16]. Unfortunately, climatic conditions
in Tiirkiye during spring are unfavorable for bait distribution due to high
environmental temperatures. Hence, it was decided to start bait distri-
bution in February. Also, both, bait density and flight line distance
should be linked to the fox population density. Unfortunately, there is
only limited data available on the population density of foxes in Tiirkiye
[33,34]. The few available studies indicate a rather broad range from
0.07 to 4.0 foxes/km? where in most areas low densities prevail [35,36].
Increasing bait density would limit the area to be vaccinated as the
absolute number of available baits was fixed and reducing flight line
distance to 500 m would increase operational costs considerably.
Therefore, the selected bait density (19-24 baits/kmz) was at the lower
end of the recommendations (18-30 baits/km?) and instead of the
suggested maximum distance of 500 m between flight lines, 1000 m was
used.

As no further (fox) rabies cases have been reported from the western
part of Tiirkiye including the vaccination area in 2023, it seems that the
selected strategy has been successful. In an assessment of ORV pro-
grammes in Europe an index (area index, Al) capturing the size and
overlap of successive ORV campaigns was identified as one factor with a
statistically significant effect on the number of campaigns required to
both control and eliminate rabies. Repeat comprehensive campaigns
that are wholly overlapping with an Al close to 1 are much more likely to
rapidly eliminate infection. For the Turkish ORV programme, the Al was
0.82 and lead to a drastic reduction of the rabies incidence in ORV areas
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Fig. 6. Rabies cases in Tiirkiye during the first 6 months of 2023; geographical distribution per animal species (source: Ministry of Agriculture and Forestry).

(Figs. 2, 6) and when contrasted with the cumulative costs showed an
immediate decline (Supplementary Fig. 3) compared to other European
countries [11]. However, this apparent success should still be seen with
caution; the absence of reported rabies cases in foxes in this relatively
short period post vaccination is not sufficient evidence of elimination of
fox rabies. Vaccination campaigns should continue for at least two years
after the last confirmed case of rabies [17,37]. This is partially true for
areas with overlapping vaccination areas, but not for others (Fig. 2).
Even after this period elimination is not always guaranteed. For
example, re-emergence of fox-rabies in Ontario in 2016 was originally
thought to be a result of a re-infection from the north. Phylogenic
studies, however, showed that the re-emergence was most likely a result
of the resurfacing of undetected foci. Despite ongoing passive surveil-
lance, the persistence of wildlife rabies went undetected in the affected
area for almost three years [38]. Although the rabies situation in the
western part of Tiirkiye looks promising in 2023 (Fig. 6), rabies sur-
veillance in this region must continue at a high level to prove success for
the entire treated area.

Beside quality of the vaccine and bait distribution, post-campaign
monitoring usually also includes the detection of indirect (bait
marker) and direct (antibodies) markers of vaccination to obtain infor-
mation on bait uptake and serology in the target animal, respectively.
The latter can provide information on vaccine immunogenicity in an
individual (level of antibodies) and vaccine coverage across a popula-
tion (proportion of foxes testing sero-positive) [17]. For a long period of
time this has been considered standard practice for evaluating the suc-
cess of ORV campaigns in wildflife target species in the EU and North
America. However, biases in sampling, different quality of samples and
the use of different serological tests made it not only difficult to compare

results between different campaigns both temporally and geographically
[22,39], but often had contradicting results as compared to the reduc-
tion of rabies cases. Therefore, only at the beginning of ORV campaigns
bait uptake and seroconversion were regarded as valuable [17].

Our results corroborate this experience made at an international
level. Given the sheer size of the vaccination areas (Table 1), with an
average of 0.025 fox/km?, the sample size of the control foxes was rather
small and therefore much lower than recommended [17]. However, if
this recommendation (4 animals per 100km? and year) was to be met,
4000 control foxes should have been collected after each ORV campaign
which is unrealistic based on the remoteness and the low fox density in
Tiirkiye [34]. As a result, vaccination coverage and bait uptake as bio-
logical parameters clearly showed an effect of the ORV campaigns on the
fox population, but was below expectations (Table 3). The fact that more
animals were tested for the bait marker than for antibodies is consistent
with other experiences and can be explained by the fact that it was often
not possible to take serum samples from fox carcasses upon arrival at the
laboratory or the quality of the serum samples no longer permited
testing [40,41].

The relatively low overall seroconversion rate (36.3 %) determined
in control foxes submitted is consistent with results obtained in Kosovo
[40], where the same highly sensitive ELISA test was used [22]. This
seems to contradict the reduction of reported (fox) rabies cases in the
vaccinated areas to zero. Generally, a threshold of 70 % vaccination
coverage is considered necessary to prevent spread of the disease in the
fox population [16]. This estimated threshold was based on a fox pop-
ulation model [42] and corresponds with the vaccination coverage
claimed to be needed for dog rabies control as well [43]. However, is this
required 70 % vaccination coverage justified as a general threshold to
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successfully eliminate fox rabies? From a theoretical perspective, it can
be argued that a disease like rabies with a low effective reproductive
ratio (Reff) would need relatively low levels of vaccination to eliminate
rabies. For fox rabies, Reg-estimates range between 1 and 2 [44,45].
These low values suggest that a much lower vaccination coverage
(20-40 %) is needed to interrupt the transmission cycle [45,46]. How-
ever, most likely a higher vaccination coverage after each campaign is
required to compensate the high population turnover, especially after
spring when many susceptible fox cubs enter the population [44]. Also,
the model estimating the threshold of 70 % vaccination coverage was
based on a population density of 3 foxes/km? [42]. Model estimates
indicate that lower fox densities - most likely also applicable for Tiirkiye
- needed lower vaccination coverages to eliminate fox rabies [47]. The
situation in Turkey also confirms other model assumptions that even low
levels of immunity could result in high probabilities of elimination
under ecological conditions of small populations, low infectivity and low
initial incidence [48]. Given that the presence of VNAs may not always
be a reliable parameter as an indicator of a successful ORV campaign
[49], their use is controversial [29]. So it remains open for discussion, if
a higher seroconversion rate would have achieved a more rapid
elimination.

Counterintuitively, often the proportion of animals with bait marker
was lower than with antibodies as the overall bait uptake of 28.1 % (CI
95 %, 23.2-32.8 %) shows (Table 3). This most likely is a result of a
reduced sensitivity of the assay preparing and detecting TC in the tooth
samples collected [20]. The detection of TC in bones, e.g. mandible or
femur, would probably have been a better alternative [50,51]. Inter-
estingly, a review of bait-uptake rates in ORV areas in Europe revealed
large discrepancies, which ranged from 12 to 91 % [52]. Although the
number of animals tested for bait markers and seroconversion varied
(Table 3), there were no significant differences in seroconversion and
bait uptake rates except in August 2022.

Conclusively, bait uptake and serology results from control foxes
with such small sample sizes should be carefully interpreted as in-
dicators of success as they can be influenced by many confounding
variables [29] particularly the large geographical bias that can be
assumed. As rabies prevalence is the best indicator of control success,
the monitoring of ORV campaigns has generally become less important,
at least in Europe [53]. The low number of foxes submitted for testing
was a general limitation, also in terms of passive rabies surveillance as it
hindered a detailed assessment of the epidemiological situation, espe-
cially the spatial distribution of fox-rabies. Between two and ten foxes
originating from the ORV area were submitted for rabies diagnosis on an
annual basis during this ORV program. But spatial occurrence of rabies
in cattle was used as supportive information to determine the area
affected by fox-mediated rabies, since it has been shown before that
rabies cases in cattle were indicative for the presence of fox-mediated
rabies [54].

5. Conclusion

Thanks to funding from the European Union, Tiirkiye implemented a
large-scale ORV campaign against fox rabies and modified the strategy
to fit regional circumstances. The high quality of vaccine baits and the
GIS-aided and monitored bait distribution during the seven ORV cam-
paigns seemed to be able to control fox mediated rabies in the western
and central parts of Tiirkiye. However, the apparent elimination of fox-
mediated rabies in the area should not lead to a discontinuation of
control efforts, as vaccination campaigns should continue for at least
two years after the last confirmed case of rabies [37,55]. Furthermore, in
a concerted action, rabies control both in dogs and foxes should be
expanded to cover also the eastern parts of Tiirkiye, to become even-
tually rabies free.
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