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We investigated adult Eurasian wild boar (Sus scrofa) sur-
vival and death in 2 tuberculosis-endemic populations with 
different harvest pressure in Spain. Overall, tuberculosis ac-
counted for 30% of total deaths. Increased survival in pro-
tected areas has direct implications for wild boar manage-
ment and tuberculosis control.

Eurasian wild boar (Sus scrofa) population dynamics 
and hunting strategies might influence the persistence 

of disease (1). Determining the death rates for wild boar 
and unfolding the relative contribution of several causes of 
death and their nature (additive vs. compensatory death) is 
key to predicting the effects of harvesting, predation, and 
disease on population dynamics over time and to develop 
disease control–oriented hunting strategies. In central and 
northern Europe, the effect of disease-mediated death on 
wild boars is relatively low, whereas predation, winter star-
vation, and especially hunting play more important roles 
(2,3). In Mediterranean regions, natural death from summer 
starvation during droughts has been described, but most 
deaths are attributed to hunting (4); no information is avail-
able about rates of disease-related death among wild boars.

Animal tuberculosis (TB) caused by the Mycobacte-
rium tuberculosis complex (MTC) is a reemerging multi-
host infectious disease (5). In Spain, the Eurasian wild boar 
is regarded as the key wildlife MTC maintenance host; its 
infection prevalence rates are >50% in Mediterranean areas 
that have dense wild boar populations (6). Up to one third of 
wild boar piglets might become infected during their first 6 
months of life (7). In half of MTC-infected wild boars, gen-
eralized lesions develop that affect the lungs, particularly in 

juveniles (12–24 months of age). In adults (>2 years), the 
observed proportion of wild boars with generalized TB de-
creases, suggesting some degree of TB-driven death among 
juveniles (6,8). TB is a sporadic cause of death among wild 
boars (9), but no data are available about its actual contri-
bution to mortality.

In the context of growing and expanding wild boar 
populations and of increasing concern about the effect of 
wild boar infections (10), we hypothesized that TB could 
be a major component of total wild boar death in Spain and 
have implications for TB control and wildlife management. 
We aimed to 1) describe the rates and causes of adult wild 
boar death and 2) compare the total death and its causes in 
2 TB-endemic regions that differ in harvest pressure.

The Study
We compared 2 settings: a mosaic of game estates and a 
protected area. Montes de Toledo (MT) is a mountain chain 
in the central Spanish plateau whose large game estates are 
mainly devoted to recreational hunting. Harvest is conduct-
ed by dog-driven hunts; average annual extraction quota 
is 2.26 wild boar/km2 and no age or sex are selected (i.e., 
extraction is random). Doñana National Park (DNP) is a 
protected area on the Atlantic coast of southern Spain. Har-
vest is part of population control management because no 
recreational hunting is allowed within the park; this modal-
ity has a minimal extraction capacity (1.11 wild boar/km2) 
and targets wild boar seen by park rangers (random and 
opportunistic). Wild boars, except piglets, have no natural 
predators (occasionally stray dogs) in the study areas.

During 2009–2014, we captured (11) and fitted very 
high frequency global positioning system–global system 
for mobile communications (VHF-GPS-GSM) collars (Mi-
crosensory, Spain) to 45 free-ranging adult wild boars (24 
from MT and 21 from DNP; online Technical Appendix 
Table, http://wwwnc.cdc.gov/EID/article/22/12/16-0677-
Techapp1.pdf) following Animal Experimentation legis-
lation (PR-2015-03-08). We collected serum and tested it 
for antibodies to MTC by using ELISA (89.6% sensitivity 
[12]). Post-release monitoring was programmed to acquire 1 
GPS location per hour. We monitored the animals daily for 
death (alarm set at 12 h of inactivity) to promptly retrieve 
carcasses and assess the cause of death. The 18 retrieved 
carcasses underwent a full postmortem examination, and 
tissue samples (pooled lymph nodes and lung) were submit-
ted for culture (online Technical Appendix).
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We detected serum antibodies to MTC in 35 (78%) 
of 45 GPS-collared wild boars. We found no differences 
in MTC serum antibody prevalence between study sites 
(p>0.05 by Fisher exact test) and no differences in sur-
vival time between antibody-positive and -negative wild 
boars (p>0.05 by Mann-Whitney U test). MTC infection 
was confirmed by culture in 13 (72%) of 18 wild boars 
for which postmortem results were available. The 9 wild 
boars that died of generalized TB had severe lesions in >1 
anatomic region; >70% of lung tissue was affected (online 
Technical Appendix Figure 1).

We assessed total survival probability and the main 
causes of death (Figure). The mean annual death rate 
(45.48% ± 5.6% SE overall) was higher in the regularly 
hunted MT (56%) than in the protected DNP (34%). Over-
all, harvest accounted for half (53%) of total annual deaths, 
whereas TB contributed to 30% of deaths. The remaining 
17% of deaths were caused by predation (stray dogs in 
DNP) and unknown causes (Table). The mean annual death 
rate for adult wild boars caused by harvest was significantly 
higher in MT (40%) than in the protected DNP (8%; Fisher 
exact test, p = 0.011). However, death from TB did not dif-
fer between MT (12%) and DNP (14%; p>0.05 by Fisher 
exact test) (online Technical Appendix Table).

Mean survival time was twice as long in DNP (aver-
age 672 ± 96 days) as in MT (297 ± 41 days; Mantel-Cox, 
χ2 = 11.42, 1 d.f.; p = 0.001). Kaplan-Meier survival prob-
abilities and causes of death are detailed by study area in 
online Technical Appendix Figure 2. Two death peaks 
were found, 1 in summer (July) associated with TB and 1 in 
autumn (October–January) associated with harvest (online 
Technical Appendix Figure 3).

Conclusions
The results confirmed our hypothesis that TB causes a sub-
stantial proportion of deaths among adult wild boars in TB-
endemic Mediterranean areas of Spain. This information is 
relevant for TB control at the wildlife–livestock interface 
and for understanding wild boar and TB dynamics under 
different harvest pressure.

Severely diseased wild boars, with advanced gener-
alized TB lesions affecting large proportions of the lung, 
probably are important shedders of MTC (super-shedders 
[13]). The higher survival rate for MTC super-shedders in 
protected areas, such as DNP, resulting from a low harvest 
pressure might contribute toward explaining the extremely 
high spread of TB in sites where risky artificial manage-
ment, such as feeding, is absent (5).

The large proportion of natural death from TB (30% 
of deaths) contrasts with results obtained in other parts 
of Europe (total natural death rate 3% [3]), although 
this finding is consistent with differences in TB preva-
lence within Europe (14). Previous findings suggest that  

TB-induced death is relevant in subadults but decreases 
in adults (6,8), hence, deaths of juvenile wild boars de-
serves special study. However, given the chronic nature 
of TB and the early reproduction of wild boars, TB is un-
likely to substantially contribute to wild boar population 
regulation. In fact, we observed a mean annual death rate 
of 45%, which is below the recommended annual harvest 
or death rate of 65% needed to maintain stable wild boar 
populations (3,15).

Two additional aspects about hunting and wild boar 
TB deserve attention. First, increased hunting might con-
tribute to TB control in wild boars by reducing population 
size and by reducing survival of super-shedders. Hunting 
bans should therefore be reconsidered in protected areas in 
which TB is a concern. Second, TB causes a substantial 
loss of adult (trophy) wild boars, thus reducing the prof-
itability of the hunting industry. Hunters should therefore 
actively engage in TB control.

Figure. Total survival probability and the main causes of death 
among wild boars (Sus scrofa), Spain, 2009–2014. A) Kaplan-
Meier survival curve representing the proportion of adult wild 
boars alive over time for all the animals studied. B) Percentage 
of each cause of death among wild boars (i.e., when considering 
only all dead animals)
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Table. Causes of death of GPS-collared adult wild boars (Sus scrofa), Spain, 2009–2014* 

Variable 
Study site 

Total Montes de Toledo† Doñana National Park‡ 
No. GPS-collared wild boars 24 21 45 
Mean survival time  SE, d§ 297.28  40.91 672.78  96.53 470.43  58.69 
Mean annual survival rate  SE, %¶ 44.17  7.55 66.35  7.73 54.52  5.60 
Mean annual mortality rate  SE, %¶ 55.83  7.55 33.64  7.73 45.48  5.60 
Proportion of deaths, %    
 From harvest 72.22 25 53.33 
 From tuberculosis 22.22 41.67 30.00 
 From other causes 5.56 33.93 16.67 
*GPS, global positioning system. 
†High harvest pressure.  
‡Low harvest pressure.  
§Mantel-Cox log-rank, 2 = 11.42, 1 d.f., p = 0.001. 
¶Mann-Whitney U test, U = 1.994, p = 0.046. 
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Technical Appendix 

Statistical Analyses 

Death rates were explored by estimating the daily probability of survival (P) according to 

method proposed by Kenward (1). Annual death rates were calculated as 1  P365, which is the 

probability that an individual boar will die in any given year. In addition, Kaplan-Meier survival 

curves were used to compute the probabilities of death occurring, given those animals that had 

died, along with those animals with “censored” observations (i.e., still alive or nontransmitting 

collars) at the conclusion of the study (2). We calculated the annual death rates and Kaplan-

Meier survival curves for the entire population, in addition to those for Montes de Toledo and 

Doñana National Park independently. We used the Mantel-Cox log-rank, Mann-Whitney U, and 

Fisher exact test analyses at a level of significance of 0.05 to test survival differences between 

areas, sex, and according to the tuberculosis test at the time of the first capture. Data were 

analyzed by using IBM SPSS statistical package version 20 (IBM Corporation, Somar, NY, 

USA). 
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Technical Appendix Table. List of GPS-collared adult wild boars (Sus scrofa), Spain, 2009–2014 

Animal ID Study area Sex Cause of death or monitoring discontinued 
No. days 
monitored 

Mycobacterium 
tuberculosis ELISA 

1 MT F Disease–tuberculosis 33 Positive 
2 MT F Disease–tuberculosis 109 Positive 
3 MT F Hunting 502 Positive 
4 MT F Hunting 186 Positive 
5 MT F Hunting 462 Positive 
6 MT F Hunting 197 Positive 
7 MT F Hunting 379 Negative 
10 MT F Unknown 515 Negative 
8 MT F Monitoring discontinued 16 Positive 
9 MT F Monitoring discontinued 181 Positive 
11 MT M Disease–tuberculosis 110 Positive 
12 MT M Disease–tuberculosis 288 Positive 
13 MT M Hunting 78 Positive 
14 MT M Hunting 235 Positive 
15 MT M Hunting 525 Negative 
16 MT M Hunting 478 Positive 
17 MT M Hunting 311 Negative 
18 MT M Hunting 526 Negative 
19 MT M Hunting 14 Negative 
20 MT M Hunting 184 Positive 
21 MT M Monitoring discontinued 55 Positive 
22 MT M Monitoring discontinued 165 Positive 
23 MT M Monitoring discontinued 38 Negative 
24 MT M Monitoring discontinued 16 Negative 
25 DNP F Disease–tuberculosis 285 Negative 
26 DNP F Disease–tuberculosis 238 Positive 
27 DNP F Disease–tuberculosis 749 Positive 
28 DNP F Population control 92 Positive 
30 DNP F Unknown 117 Positive 
31 DNP F Unknown 386 Positive 
29 DNP F Monitoring discontinued 54 Positive 
32 DNP F Monitoring discontinued 739 Positive 
33 DNP M Disease–tuberculosis 292 Positive 
34 DNP M Disease–tuberculosis 317 Positive 
35 DNP M Population control 831 Positive 
36 DNP M Population control 967 Positive 
37 DNP M Predation 1131 Positive 
38 DNP M Predation 1079 Positive 
39 DNP M Monitoring discontinued 304 Positive 
40 DNP M Monitoring discontinued 220 Positive 
41 DNP M Monitoring discontinued 176 Positive 
42 DNP M Monitoring discontinued 523 Positive 
43 DNP M Monitoring discontinued 759 Negative 
44 DNP M Monitoring discontinued 268 Positive 
45 DNP M Monitoring discontinued 425 Positive 

DNP, Doñana National Park; GPS, global positioning system; ID, identification; MT, Montes de Toledo. 
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Technical Appendix Figure 1. A) Global positioning system–collared wild boar (Sus scrofa) found dead 

as the result of generalized tuberculosis on a cattle farm in the Montes de Toledo, Spain. B) Calcified and 

caseous lesions in the mandibular lymph node (B), lung (C), and spleen (D) of this boar. 
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Technical Appendix Figure 2. A) Kaplan-Meier survival curves representing the proportion of free-

ranging wild boars (Sus scrofa) alive over time for all the animals studied in each area. Differences in 

probability of survival between Montes de Toledo (MT) and Doñana National Park (DNP) are significant 

(Mantel-Cox i2 = 11.42, 1 d.f., p = 0.001). Tick marks on each curve indicate a specific censored animal, 

with some ticks overlapping each other. B) Percentage of each cause of death among wild boars (i.e., 

when considering only all dead animals) in MT and DNP.  
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Technical Appendix Figure 3. Monthly death distribution of global positioning system–collared adult wild 

boars (Sus scrofa) by main known causes, Spain, 2009–2014. 


