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Résumé 
La présente étude a un triple objectif: d’abord pour estimer la prévalence de l’infection du sac vitellin chez le poulet de chair dans 
les élevages du Nord-Est de la Tunisie. Le second objectif est d’identifier les principales bactéries responsables de ce problème. 
Enfin, nous visons l’étude de la sensibilité des souches isolées vis-à-vis des principales molécules d’antibiotiques utilisées sur le 
terrain.  Un total de 170 poussins (3-8 jours d’âge) est autopsié. Les sacs vitellins suspects sont prélevés moyennant des écouvillons 
stériles envoyés au laboratoire en vue des analyses bactériologiques et des antibiogrammes. La prévalence globale des omphalites 
est de 55,3% (94 poussins). Une différence statistiquement significative est notée selon les tranches d’âge, avec une plus grande 
prévalence observée chez les oiseaux âgés de 5 jours (76%). Les analyses bactériologiques ont révélé que 71,3% (67 poussins) 
des animaux montraient une infection bactérienne unique. E. coli est la bactérie la plus isolées (74,5%), suivie de Klebsiella spp. 
(31,9%), Salmonella spp. (10,6%), Proteus spp. (9,6%) et Staphylococcus aureus (2,1%). Une corrélation élevée est notée entre la 
mortalité des poussins et l’infection par E. coli, Klebsiella et Proteus. Les isolats testés (109 isolats) vis-à-vis de 12 antibiotiques 
montrent une sensibilité importante à la streptomycine, la colistine, l’amoxicilline et l’amoxicilline-acide clavulanique. Une résis-
tance élevée est notée vis-à-vis de l’enrofloxacine. Une multi-résistance est détectée chez 38 souches (34,9%) isolées.
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Abstract
The present study was carried out for three objectives: firstly, to investigate the prevalence of the yolk sac infections in broilers in 
the northeast of Tunisia. The second goal was to know the main germs responsible for this problem. Finally, we aimed to study the 
sensitivity of isolated bacteria to the main antibiotics used in the field. A total of 170 chicks (3 to 8 days) were necropsied. Sus-
pected yolk sacs were collected using sterile swabs and sent to the laboratory for bacteriological analysis and antibiogram. Overall 
prevalence of 55.3% (94 chicks) was assessed. Statistically significant difference was noted among the different age groups, with 
highly prevalence observed in 5 days old animals (76%). Bacteriological analysis revealed that 71.3% (67 chicks) showed single 
bacterial infection. E. coli was the most important isolated bacteria (74.5%), followed by Klebsiella spp. (31.9%), Salmonella 
spp. (10.6%), Proteus spp. (9.6%) and Staphylococcus aureus (2.1%). A high correlation was noted between the chick mortality 
and infection by E. coli, Klebsiella and Proteus. Tested bacteria isolates (109 isolates) to twelve antibiotic agents showed high 
sensitivity to streptomycin, colistin, amoxicillin and amoxicillin-clavulanic-acid. A higher resistance was noted to enrofloxacin. 
Multidrug resistant isolates were detected in 38 (34.9%) bacteria isolates.
Keywords: Yolk sac infection, Bacteriology, Multidrug resistance, Broiler, Tunisia
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INTRODUCTION
During incubation, the extra-embryonic membranes encir-
cle the yolk reserve and form the yolk sac, which is attached 
to the intestine via a small canal. Just before hatching, the 
sac is internalized and moves from the cavity of the egg to 
the abdominal cavity of the future chick, as an extension 
of the intestine. This yolk reserve represents 20-25% of the 
live weight of the chick at birth, then resorbs during the 
first week and will have a negligible size (Ramnoff, 1960; 
Khan et al., 2004).
However, several factors contribute to the delay of yolk 
resorption resulting in its retention. Bacterial infections 
remain among the most frequently factors involved in 
this health problem. The composition of yolk, very rich in 
water and lipid promotes the rapid growth of pathogens. 
In addition, the body temperature of the chick, higher than 
that of egg incubation, is an ideal factor for bacteria mul-
tiplication. Therefore, yolk retention, whatever its cause, 
leads often to infection of the yolk sac (Khan et al., 2004) 
which represents the main cause of chick mortality during 
the first week post hatching (Rai et al., 2005; Yassin et al., 

2009). Consequent mortality ranging from 1.7% to 8.6% 
would cause high economic losses (Awobajo et al., 2007).
Different bacterial species are responsible of yolk sac in-
fection/omphalitis in chicks (Noy et al., 1996; Cox et al., 
2005; Husseinn et al., 2008; Amare et al., 2013; Jalob et 
al., 2015; Abdel-Tawab et al., 2016). Infection of the yolk 
sac can occur through the unhealed umbilicus or the blood 
stream. In the two cases, infection causes delayed yolk 
resorption and fatal septicemia of the chick in severe cases. 
Proteus spp., Enterobacter spp., Pseudomonas spp., 
Klebsiella spp., Staphylococcus spp., Streptococcus spp., 
Clostridium spp., Bacillus spp. and Enterococcus spp. were 
the main bacteria that have been isolated from yolk sac 
infections in different region of the world (Rehman et al., 
1996; Rad et al., 2003; Cortés et al., 2004; Deeming, 2005; 
Mondal and Sahoo, 2014; Jalob et al., 2015). Aspergillus 
fumigatus was also isolated from infected yolk sac (Cortes 
et al., 2005). Nevertheless, Escherichia coli and Salmo-
nella spp. were frequently the main pathogens isolated 
from yolk sac infection and omphalitis cases (Shivaprasad 
2000; Khalil and El-Shamy, 2012).



391Rev. Mar. Sci. Agron. Vét. 9(3) (Septembre 2021) 390-395

In Tunisia, investigations on yolk sac persistence and 
infections do not receive sufficient attention. Until now, 
no precise scientific research was published on this 
topic. Therefore, the aims of this article were to assess the 
prevalence of yolk sac infections, to identify the causative 
bacteria and to study the antimicrobial susceptibility of the 
isolated germs. 

MATERIALS AND METHODS
Region of the study and animals
This study was carried out on 170 chicks (120 dead animals 
and 50 live sick animals) aged from 3 to 8 days. Animals 
were sampled between September 2014 and July 2017, 
from 15 broiler flocks located in the north (governorates of 
Ariana, Bizerte, Tunis, Manouba and Nabeul) of Tunisia. 
The capacity of farms ranged from 5000 to 18000 birds 
per flock.
All flocks apply a vaccination program against infectious 
bronchitis, Newcastle disease and infectious bursal dis-
ease. 

Necropsy examination
All chicks were autopsied in the avian clinic of the National 
Veterinary School of Tunisia. Live birds were examined be-
fore being euthanized by cervical dislocation followed by 
bleeding. A meticulous postmortem examination revealed 
the main lesions in different organs, with special reference 
to the yolk sac. The lesions allowed us to establish the 
diagnostic hypotheses.

Sample collection
After necropsy, yolk sac with gross lesions were collected 
aseptically using sterile plain swabs. The collected samples 
were labeled, packed and transported under respect of the 
cold chain principles, to the laboratory. 

Bacteriological analysis and antimicrobial suscepti-
bility study
Samples issued from flocks located in the north of Tunisia 
were analyzed in the microbiology laboratory of the Na-
tional Veterinary School of Sidi Thabet. Samples collected 
from flocks located in the region of Sahel were sent to the 
Regional Center of Veterinary Research of Sousse.
The antimicrobial susceptibility tests were made according 
to the conventional technique of disk diffusion method, 
according to the recommendations of the antimicrobial sus-
ceptibility committee (French Society of Microbiology). 
The choice of antibiotics was based on the most frequently 
used molecules in the field. Results were interpreted di-
rectly from bacteriological analysis reports.

Statistical analysis
The results were managed in Microsoft Excel (version 
2013). Chi-square test was employed in order to statisti-
cally determine if there is any significant difference be-
tween studied groups. Correlation test was also employed 
to assess the association between the chick mortality and 
the bacterial isolates. In all the analyses p < 0.05 was set 
for significance.

RESULTS
Prevalence of yolk sac infection 
The prevalence of yolk sac infections is indicated in Table 
1. Yolk sac infection (YSI) was described in 94 chicks 
(55.3%), with a higher prevalence observed in 5 days birds 
(76%), followed by birds at the age of 4 days (66.7%), 6 
days (65.4%), 3 days (45.4%), 7 days (41.7%) and 8 days 
(25.0%). Difference of YSI prevalence between age groups 
of animals was statistically significant (p<0.05).

Gross pathology
Clinical examination of diseased chicks shows depres-
sion, diarrhea and abdominal distension. The presence of 
a blackish navel button was observed in several birds.
Post-mortem exam reveals an unabsorbed yolk sac, as 
main lesion observed. Yolk sac appeared congested with a 
changed content color (greenish yellow or brownish) and 
consistency of yolk fluid (aqueous, viscous or “caseous”) 
and a thickening of the yolk channel. Putrefactive odor was 
noted in infected yolk sacs. Subcutaneous blood vessels 
were dilated and engorged with blood.
In chicks older than 4 days, lesions of systemic infection 
were observed, as pericarditis, enteritis, enlarged and con-
gested liver and sero-hemorrhagic peritonitis. 

Bacteriological analysis 
All chicks with infected yolk sac give positive culture, of 
which, 67 chicks (71.3%) revealed single bacterial spe-
cies infection whereas, mixed bacterial infections were 
detected in 27 samples (28.7%). 
Out of 94 positive chicks with yolk sac infection, E. coli rep-
resents the most important isolated bacteria. This pathogen 
was detected in 70 birds (74.5%), followed by Klebsiella 
spp. recovered from 30 chicks (31.9%), Salmonella spp. 
from 10 birds (10.6%), Proteus spp. in 9 chicks (9.6%) and 
Staphylococcus aureus in only 2 samples (2.13%). 
Results of bacterial analysis were summarized in Table 2. 
The study of isolation results showed that 121 bacterial 
strains was interpreted. They were represented mainly by 
E. coli (70 isolates; 57.8%), followed by Klebsiella spp. 
(30 isolates; 24.8%), Salmonella spp. (10 isolates; 8.26%), 
Proteus spp. (9 isolates; 7.44%) and Staphylococcus aureus 
(2 isolates; 1.65%).
The results of Pearson correlation test revealed a high 
positive correlation between the chick mortality from 3 to 
8 days and E. coli infection (r = 0.811). Secondarily, mor-
tality of chicks correlates with Klebsiella spp. (r = 0.735), 

Table 1: Prevalence of yolk sac infection in chicks 
according to the age (n=170)

Age 
(days)

No. 
examined 

birds

No. 
positive 

birds
Frequency 

(%) Chi2

3 22 10 45.4

21.5

4 27 18 66.7
5 25 19 76.0
6 52 34 65.4
7 12 5 41.7
8 32 8 25.0

Total 170 94 55.3
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followed by Proteus spp. infection (r = 0.622). However, 
a lower correlation was observed between Salmonella 
spp. infection (Pearson’s r = 0.434) of yolk sac and bird’s 
mortality during the few days of age in this study. Finally, 
a low negative correlation was calculated between chick 
mortality and Staphylococcus aureus infection (r = -0.222).

Antimicrobial sensitivity test
Antimicrobial sensitivity test targeted isolates of E. coli, 
Klebsiella spp. and Salmonella spp. Twelve antibiotic 
agents were tested. The detailed results are summarized 
in Table 3. In general, the overall susceptibility of bacte-
rial isolates varied from 20.9% (enrofloxacin) to 87.6% 
(streptomycin), depending on the used antibiotic (Figure 1). 
E. coli was found to be highly sensitive to ampicillin, 
amoxicillin-clavulanic acid and strepromycin, as follow-
ing: 91.9%, 85.7% and 87.9%, respectively. However, 
very high resistance was detected to enrofloxacin (88.6%), 
followed by tetracycline (71.4%), gentamicin (66.7%) and 
florfenicol (60.0%). 

The analysis of Klebsiella spp. sensitivity indicates high 
susceptibility to colistin (93.3%), followed by strepto-
mycin (90.9%), gentamicin (89.3%) and trimethoprim-
sulfamethoxazol (87.5%). High resistance was detected 
to enrofloxacin (53.8%) and to amoxicillin-clavulanic acid 
(50.0%). Salmonella spp. was found to be highly sensitive 
to colistine (88.9%). Secondarily, the results demonstrated 
a susceptibility of isolates to streptomycin (77.8%), gen-
tamicin (66.7%) and doxycycline (66.7%). On the other 
hand, resistance was notable to enrofloxacin (77.8%), 
followed by amoxicillin-clavulanic acid, amoxicillin, 
tetracycline and florfenicol, with the same rate (66.66%). 
Multidrug resistant (MDR) isolates were detected in this 
study. Out of 109 tested isolates, 38 bacteria isolates 
(34.9%) showed a resistance to more than three antibiot-
ics of three different antimicrobial families. These MDR 
germs were represented by 26 E. coli (68.4%) isolates, 
10 Klebsiella spp. (26.3%) isolates and 2 Salmonella spp. 
(5.26%) isolates.

Table 2: Correlation between mortality due to yolk sac infections and different bacterial isolates according to the age

 
Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

Total (%)
Pearson 

correlation 
coefficient (n=22) (n=27) (n=25) (n=52) (n=12) (n=32)

E. coli 6 13 15 26 5 5 70 (57.8%) 0.81127.0% 48.1% 60.0% 50.0% 41.7% 15.6%

Klebsiella spp. 4 1 9 12 1 3 30 (24.8%) 0.73518.2% 3.70% 36.0% 23.1% 8.34% 9.37%

Salmonella spp.
1 4

 (14.8%)
1 2 0 2

10 (8.26%) 0.434
4.54% 4% 3.85% 0% 6.25%

Proteus spp. 2 2 0 4 1 0 9 (7.44%) 0.6229.09% 7.40% 0% 7.70% 8.34% 0%

Staphylococcus aureus 1 1 0 0 0 0 2 (1.65%) -0.2224.54% 3.70% 0% 0% 0% 0%

Total 14 21 25 44 7 10 121 (100%)11.6% 17.4% 20.7% 36.4% 5.78% 8.26%
n= number of dead chicks autopsied 

Table 3: Sensitivity of E. coli, Klebsiella spp. and Salmonella spp. isolates to different antibiotic agents
E. coli Klebsiella spp. Salmonella spp.

No. 
Tested 
isolates

S I R No. 
Tested 
isolates

S I R No. 
Tested 
isolates

R I S

No. % No. % No. % No. % No. % No. % No. % No. % No. %

AMC n=62 57 91.9 3 4.84 2 3.23 n=24 12 50 2 8.33 10 41.7 n=9 3 33.3 1 11.1 5 55.6
AMX n=70 60 85.7 1 1.43 9 12.9 n=30 21 70 3 10 6 20 n=9 3 33,3 2 22.2 4 44.4
SMN n=58 51 87.9 4 6.90 3 5.17 n=22 20 90.9 0 0 2 9.09 n=9 7 77,8 1 11.1 1 11.1
GMI n=45 15 33.3 4 8.89 26 57.8 n=28 25 89.3 1 3.57 2 7.14 n=9 6 66.7 1 11.1 2 22.2
KMI n=26 21 80.8 3 11.5 2 7.69 n=0 0 0 0 0 0 0 n=9 0 0 0 0 0 0
NE n=70 48 68.6 10 14.3 12 17.1 n=30 18 60.0 4 13.3 8 26.7 n=9 4 44.4 2 22.2 3 33.3

DXT n=70 34 48.6 8 11.4 28 40.0 n=30 24 80.0 2 6.67 4 13.3 n=9 6 66.7 2 22.2 1 11.1
TET n=70 20 28.6 8 11.4 42 60.0 n=30 21 70.0 4 13.3 5 16.7 n=9 3 33.3 4 44.4 2 22.2
CST n=70 51 72.9 13 18.6 6 8.57 n=30 28 93.3 2 6.67 0 0 n=9 8 88.9 1 11.1 0 0
SXT n=62 38 61.3 8 12.9 16 25.8 n=24 21 87.5 2 8.33 1 4.17 n=9 5 55.6 2 22.2 2 22.2
ENF n=70 8 11.4 6 8.57 56 80.0 n=26 12 46.1 4 15.4 10 38.5 n=9 2 22.2 2 22.2 5 55.6
FFC n=55 22 40.0 5 9.09 28 50.9 n=18 10 55.6 5 27.8 3 16.7 n=9 3 33.3 2 22.2 4 44.4

AMC: Amoxicillin-Clavulanic-Acid; AMX: Amoxicillin; SMN: Streptomycin; GMI: Gentamycin; KMI: Kanamycin; NE: Neomycin; 
DXT: Doxycycline; TET: Tetracycline; CST: Colistin; SXT: Trimethoprime-Sulfamethoxazole; ENF: Enrofloxacin; FFC: Florfenicol; S: 
Susceptible; I: Intermediate; R: Resistant;
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DISCUSSION
Yolk sac infection is an economically important and frequent 
affection, usually observed during the first week of life, in-
ducing high mortality and low performances. Studying navel 
condition in chicks at hatch, Fasenko and O’Dea (2008) 
indicate a reduction in production efficiency of birds with 
navel buttons. These chicks had also higher mortality over the 
entire production period compared to broilers with leaky or 
normal navels. The incidence of YSI is variable from 5% to 
30% depending on published studies. A higher prevalence is 
noted during cold season (winter, autumn) (Khan et al., 2004).
Overall prevalence of YSI in this study was 55.3%, which 
is higher than result of Amare et al. (2013) who published 
a prevalence of 33.1% (96 positive birds / 290 examined). 
A higher incidence was observed in 5 days old chicks 
(76.0%), followed by birds aged of 4 days (66.7%) and 
6 days (65.4%) (p<0.05). Our findings are in agreement 
with results of Amare et al. (2013). Many factors promote 
early YSI such as poor hatchery hygienic conditions, poor 
transport conditions and delay in the transport from the 
hatchery to the farm. The delay of feeding post hatching is 
one of important causes of yolk sac retention, which con-
sists a good culture medium for bacteria. This suggests that 
yolk transfer into the intestine may be accelerated by early 
feeding, causing intestinal motility (Noy and Skalan, 1997; 
Murakami et al., 1998). Retained yolk sac will exacerbate 
the deprivation of nutrient and maternal derived antibodies, 
the development and spread of bacteria and the adsorption 
of toxins. On the other hand, unabsorbed yolk sac could be 
a source of Salmonella Enteritidis and Campylobacter spp., 
which will be excreted in droppings under stress condition, 
and spread to the carcass of future broilers (Desmidt et al., 
1997; Cox et al., 2005).
Khan et al. (2002) studied the pathogenesis of yolk reten-
tion in broiler chicks. They inoculated E. coli into the yolk 
of the chicks and observed that yolk sac infection led to 
decrease in rate of yolk absorption. They also observed that 
the body weight was significantly lower and the weight of 
the unabsorbed yolk was higher in infected chicks than in 
control chicks. Rai et al. (2003) also observed the same 
effects in experimental yolk sac infection with Staphylo-
coccus aureus.

According to the passive protection, yolk sac infections affect 
maternal immunity in chicks. In this way, bacterial contami-
nation can alter protein structures in the yolk. Experimental 
inoculation of Enterococcus faecalis or E. coli into the yolk 
causes significant decrease in Newcastle disease virus anti-
body absorption (Sander et al., 1998; Shah et al., 2004). 
The diseased chicks examined in this study, appeared de-
pressed with distended abdomens and signs of diarrhea and 
dehydration. Signs of omphalitis were observed, as their navel 
was markedly thickened with usually a brown button, result 
of unhealed navel. Retained yolk sac was externally palpable. 
At necropsy exam, described lesions were similar to what was 
reported by other authors (Shaw and Halvorson, 1993; Khan 
et al., 2004; Amare et al., 2013; Jalob et al., 2015).
In this study, Gram-negative bacteria isolates predomi-
nated in yolk sac infections. Out of 94 culture positive of 
YSI chicks, single infection was most frequent (67 chicks; 
71.28%). As previously reported (Rosario et al., 2005; Iqbal 
et al., 2006; Husseinn et al., 2008; Amare et al., 2013), E. 
coli was the predominant isolate in this study (70 chiks; 
74.5%), followed by Klebsiella spp. (30 chicks; 31.9%), 
Salmonella spp. (10 chiks; 10.6%), Proteus spp. (9 chicks; 
9.57%) and Staphylococcus aureus (2 chiks; 2.13%). A 
high positive correlation (r = 0.811) was observed between 
the chick mortality from 3 to 8 days and E. coli infection. 
Our findings agree with reports of Mosqueda and Lucio 
(1985) (in Husseinn et al. 2008), Cortes et al. (2004) and 
Amare et al. (2013). However, Jalob et al. (2015), isolated 
more Streptococcus spp. than E. coli from yolk sac infec-
tion cases in Egypt. Similarly, Rad et al. (2003) identified 
mainly Gram-positive bacteria (Streptococcus species, 
Staphylococcus species, Bacillus cereus, Clostridium 
perfringens) in broilers flocks in Iran.
This study revealed the presence of Klebsiella spp. in 30 
affected chicks (31.9%). This prevalence was higher than 
prevalence mentioned by Iqbal et al. (2006) (1.79%), 
Jalob et al. (2015) (3.1%) and Khalil and El-Shamy (2012) 
(4.6%). However, there was no isolation of Klebsiella spp. 
from yolk sac infection cases in other reports (Nasrin et 
al., 2012; Amare et al., 2013; Abdel-Tawab et al., 2016).
Mixed bacterial infections, detected in 27 cases (28.7%), 
were due to E. coli together with Proteus spp or with 
Klebsiella spp. Our findings do not agree with the results 

Figure 1: Antimicrobial sensitivity of E. coli. Klebsiella spp. and Salmonella spp. isolates from chicks with yolk sac infections 
(AMC: Amoxicillin-Clavulanic-Acid; AMX: Amoxicillin; SMN: Streptomycin; GMI: Gentamicin; KMI: Kanamycin; NE: Neomycin; DXT: Doxy-

cycline; TET: Tetracycline; CST: Colistin; SXT: Trimethoprime-Sulfamethoxazole; ENF: Enrofloxacin; FFC: Florfenicol)
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of Amare et al. (2013), who mentioned predominant mixed 
infections of yolk sac compared to single infection. 
Globally, antimicrobial sensitivity test interesting twelve 
antibiotic agents revealed overall highly susceptibility 
to streptomycin (87.6%), followed by colistin (79.8%), 
amoxicillin (77.1%) and amoxicillin-clavulanic-acid 
(75.8%). Our results are partially in agreement with the 
findings of Amare et al. (2013).
Most of E. coli tested isolates were resistant to enrofloxa-
cin, tetracycline, gentamicin and florfenicol. Our findings 
are partially similar to results of Das et al. (2017) concern-
ing tetracycline. However, they are not in agreement with 
reports of Abdel-Tawab et al. (2016), who mentioned high 
resistance of E. coli isolates to amoxicillin. 
The analysis of Klebsiella spp. sensitivity indicates high 
sensitivity to colistin (93.3%), followed by streptomy-
cin (90.9%), gentamicin (89.3%) and trimethoprim-
sulfamethoxazol (87.5%). These findings are partially in 
agreement with those of Iqbal et al. (2006), who mentioned 
resistance of the whole Klebsiella spp. isolates to trime-
thoprim-sulfamethoxazol and to streptomycin.
The analysis of Salmonella spp. sensitivity indicates high 
susceptibility to colistin and high resistance to enrofloxa-
cin. These findings do not agree with previous reports 
of Nasrin et al. (2012), who founded higher resistance 
of Salmonella isolates to tetracycline, erythromycin and 
nalidixic-acid. In addition, Abdel-Tawab et al. (2016) men-
tioned a higher resistance of Salmonella to amoxicillin. 
Multidrug resistant (MDR) isolates were detected in this 
study, as reported in many previous reports (Iqbal et al., 
2006; Das et al., 2017). This emerging problem is alarming 
as this antimicrobial resistance may represent a sanitary 
risk to animal and human health. Several factors explain an-
timicrobial resistance in poultry productions: abusive use 
of antibiotics, failed biosecurity measures, lack of official 
controls, existence of illegal market of chicks and drugs 
and use of antibiotics without veterinary prescription.
Further sensitization and guidance of poultry professional 
are required for the prevention of early infections and 
optimal profitability.

CONCLUSION

The results of the present study indicate that YSI is a great 
threat to the broiler’s flocks in the northeast of Tunisia. 
However, this problem is underestimated, compared to oth-
er infectious and parasitic diseases in the region. Despite 
the susceptibility of isolated bacteria to many antibiotics 
which may be effective in the treatment of omphalitis, the 
emergence of multidrug-resistant germs is a real danger 
to animal and human health. Further investigations are 
needed to better control risk factors and reduce the frequent 
use of antibiotics during the first week of age of chickens. 
The real economic impact of yolk sac infections on a wider 
scale also needs to be studied in order to introduce more 
rational preventive measures.
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