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SUSTENIA



The identification, evaluation, and estimation of the 
levels of risks involved in a situation, their comparison 

against benchmarks or standards, and determination of 

RISK ASSESSMENT DEFINITION 

against benchmarks or standards, and determination of 
an acceptable level of risk



Objectives of the third LOVCEN mission in Montenegro 
August 2016

 to evaluate the Ae.albopictus population density in three urban      
areas during the seasonal peak period (August);

 to calculate the level of correlation between ovitrap data and      
human landing collection data;

 to estimate the risk of outbreak in case of introduction of      to estimate the risk of outbreak in case of introduction of     
Chikungunya, Dengue and Zika;

 to compare the observed level of correlations between ovitrap
data and human landing collection (HLC) data observed in     
Montenegro and in Northern Italy;

 to compare the risk of Chikungunya, Dengue and Zika viruses    
outbreak estimated in Montenegro and in  Northern Italy.



Protocol of the field trials 1/2

 same protocol used in the summer 2015;
 three urban localities of different dimensions have been chosen as 

representatives of the Montenegro urbanized areas following the ovitrap data 
collected in 2012-’13;

 in each locality the urban area under study has been defined on the map and 
number of ovitraps fixed using the Taylor formula as follow:

- Radovici: 20 ha – 10 ovitraps
- Krasici: 40 ha – 15 ovitraps
- Krtole: 28 ha - 12 ovitraps- Krtole: 28 ha - 12 ovitraps

 in Radovici the ovitraps were maintained in the same position as in the 2015 
trial;

 ovitraps dimensions: bottom diameter 10cm, top diameter 12 cm, height 13 
cm, total volume  1.0 liter, water volume 750-800 ml, masonite strip 15x2 cm;

 have been positioned on July 11 in vegetated shaded sites and
checked every 8-10 days until September 2nd;

 Egg number data have been adjusted to a standard period of 14 days 
to allow for statistical analysis (Egg14 = (Egg/Nd) * 14 where Nd is the 
number of days the ovitrap were activated); 



Protocol of the field trials 2/2
 In the period August 5-10 Ae. albopictus females have been collected in 
the three urban localities, by manual aspirators during the peak activity 
time (indicatively 5-7PM) by 3 technicians (Human Landing Collection-HLC);
 Each day, each operator conducted 5 HLC sessions of 15 min each during 
the indicated two hours period, by moving in different vegetated positions. 
Collection sites were maintained fix during the study (in Radovici the 
collection sites were maintained in the same position as in the 2015 trial);
Collected adult mosquitoes were checked immediately by species and sex, Collected adult mosquitoes were checked immediately by species and sex, 
counted and released back to the field after each session;
three localities and by rotating operators each day.
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In Northern Italy a good correlation (R²= 0.86; F(1,8)=51.48 p<0.0001 and 
S.E. 0.64) was observed between human landing collection and ovitrap 

data, obtaining an equation as follows:

Mean egg predicted by HLC= -6.33 + 111.52 (N.♀)



We used the McDonald’s equation as modified by Fine (1981) and Reisen (1989) to calculate 
the rate of increase of a disease, R0 (defined as the number of secondary cases that originate from 
a primary case) as follows:

SF * ( a Sm V Sv pi)
R0 =  _____________________ (Fine 1981, Reisen 1989)

(- loge p )

where:
- SF is the mean number of females per human per day, estimated by number of egg/ovitrap 

multiplied by the ratio of HLC/eggs detected  in the study areas . 
The HLC method could provide a direct estimate of the biting female population, but it is based The HLC method could provide a direct estimate of the biting female population, but it is based 

on the assumption that the number of bites  received in a shaded area in 15 min during the period 
of maximum flight activity corresponds to the number of bites that a human host can receive during 
the whole day under normal conditions; this assumption may be questionable. According to our  
experience, when the technician arrives in the HLC station most of Ae. albopictus females are 
attracted within 5-10 minutes. After  that time period, the number of new arrivals rapidly  decrease 
to zero. New immigrant females usually arrive only if the technician stands much longer than 15 
minutes, in agreement with Mogi and Yamamura (1981) who described that one person can attract  
females within a range  of 7-10 meters. Females within this radius arrive immediately, and after 
their capture it was necessary to wait until other females enter the radius of attraction. This allowed 
us to assume that in 15 minutes, standing in the most  attractive  sites without repellents, one 
technician could have sampled all the females already present in the area.



- a corresponds to h/GC, where GC is the duration (number of days) of the 
gonotrophic cycle,  calculated in this study using the model proposed by Poletti et al. 
(2010), according to measured seasonal temperature data, and h is the proportion of 
human blood meals on the total number of blood meals (we applied the average value 
h=0.86 calculated in Valerio et al. (2010);

- Sm is the vector competence of Ae. albopictus for the specific arbovirus;
- V is the time window during which the viremia in the infected host is sufficient to 

infect the female mosquito. We used the average value  1/V = 0.17 for CHIK (Peters and 
Dalrymple 1990, Böelle et al. 2008) and 1/V =  0.25 for DEN 2 (Gubler et al. 1981); and 

SF * ( a Sm V Sv pi)
R0 =  ________________________

(- loge p )

Dalrymple 1990, Böelle et al. 2008) and 1/V =  0.25 for DEN 2 (Gubler et al. 1981); and 
1/V = 0.2 for ZIKA (Wong et al. 2013);

- Sv is the proportion of the human population sensitive to the infection. We 
considered Sv = 1 because the antibody level in the  Montenegro inhabitants is likely to be 
near to 0 %;

- p is the female daily survival rate estimated using the seasonal rate of parous 
females recorded in Northern Italy, 0.86 and 0.95  respectively in dry (>10 day of drought) 
and wet period;

- i is the duration of the extrinsic incubation period (EIP) of the virus in the vector. The 
EIP is a temperature-sensitive parameter. For  CHIKV we used the equation EIP = 0.71 
GC proposed by Carrieri et al. (2012), for DENV we used  EIP = 2 GC proposed by 
Barbazan et al. (2010), for ZIKAV we used EIP = 1.5 GC derived from Wong et al. (2013).



Locality Operator N Mean HLC S.D.
Radovici A 10 5.40 5.27
Radovici B 10 8.00 7.90
Radovici C 10 8.90 10.92
Lastva G. A 10 1.40 2.17
Lastva G. B 10 5.60 6.69
Lastva G. C 10 7.70 10.75

Tivat A 10 4.30 4.55
Tivat B 10 4.70 4.71
Tivat C 10 6.60 4.53

RESULTS 2015

All Groups 90 5.84 7.00

Operator N Mean S.D.
Test  

Fisher
A 30 3.70 4.41 a
B 30 6.10 6.49 ab
C 30 7.73 8.95 b

All Grps 90 5.84 7.00

SS
Degr. of
Freedom

MS F p

Sampling site 114.95 2 57.47 4.17 0.105
Sampling site*Op 55.11 4 13.77
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Data observed HLC predicted by the model
Mean 

eggs/ovitrap/
14 days

Mean
HLC

Rate 
eggs/HLC
observed

Mean 
HLC

Conf.Lim.
-95%

Conf.Lim.
+95%

Radovici 521.20 7.43 70.12 4.54 3.91 5.16

Comparison 2015 
between HLC observed in MONTENEGRO and HLC predicted on 

the bases of observed eggs by the equation
HLC= -6.33 + 111.52 (N.♀) 

Radovici 521.20 7.43 70.12 4.54 3.91 5.16
Lastva G. 453.67 4.90 92.59 4.01 3.48 4.54

Tivat 635.07 5.20 122.13 5.42 4.58 6.25
Mean 536.64 5.84 94.94 4.66 4.01 5.30



RESULTS 2016

BLOCK ANOVA shows not significant differences in the HLC 
capacity of the three operators (F2,4=8.96 and P<0.035)

BLOCK ANOVA shows no significant differences in the mean HLC between 
localities (F2,4=4.17 and P=0.11)

SS
Degr. of
Freedom

MS F p

Sampling 
site

203.09 2 101.54 2.02 0.25

Sampling 
site*Oper

200.78 4 50.19
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Locality Data
N.

Eggs/tra
p/day

N.femal
es

estimat
ed

GC
(days)

R0

CHIK 
A226V

R0

CHIK

R0

DEN 
II

R0

ZIK

Krasici

21 July 249.20 2.42 4.50 3.27 0.98 0.70 0.39
29 July 375.93 3.41 4.27 4.95 1.48 1.16 0.65

07 August 480.02 4.22 4.36 5.95 1.78 1.35 0.75
16 August 396.84 3.57 4.82 4.34 1.30 0.81 0.43
25 August 508.67 4.44 4.76 5.51 1.65 1.05 0.57

02 September 1042.20 8.58 4.67 10.96 3.29 2.19 1.18

R0 values calculated by means of the ovitrap data in the three 
localities during the July-August period

02 September 1042.20 8.58 4.67 10.96 3.29 2.19 1.18

Krtole

21 July 295.09 2.78 4.50 3.75 1.13 0.81 0.44
29 July 264.09 2.54 4.27 3.69 1.11 0.87 0.49

07 August 268.59 2.58 4.36 3.63 1.09 0.83 0.46
16 August 277.31 2.64 4.82 3.22 0.96 0.60 0.32
25 August 332.76 3.07 4.76 3.82 1.14 0.73 0.39

02 September 528.06 4.59 4.67 5.86 1.76 1.17 0.63

Radovici

21 July 267.56 2.57 4.50 3.47 1.04 0.75 0.41
29 July 305.08 2.86 4.27 4.15 1.24 0.97 0.55

07 August 336.00 3.10 4.36 4.37 1.31 0.99 0.55
16 August 285.33 2.71 4.82 3.29 0.99 0.61 0.33
25 August 378.78 3.43 4.76 4.26 1.28 0.81 0.44

02 September 532.50 4.62 4.67 5.91 1.77 1.18 0.64



Locality

Data observed HLC predicted by the model
Max 

eggs/ovit/
14 days

Mean HLC
Rate 

eggs/HLC
observed

Mean HLC
Conf.Lim.

-95%
Conf.Lim.

+95%

Radovici 532.50 9.97 53.43 4.62 3.98 5.26

Comparison between HLC observed and HLC predicted on 
the bases of observed eggs by the equation

Radovici 532.50 9.97 53.43 4.62 3.98 5.26
Krtole 528.06 7.87 67.13 4.59 3.95 5.22
Krasici 1042.20 6.30 165.43 8.58 6.81 10.35
Mean 700.92 8.04 87.13 5.93 4.96 6.90
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The Ae.albopictus population density in three urban areas of Montenegro (Krtole, Krasici and 
Radovici) has been estimated during the seasonal peak period 2016 by ovitrap and HLC. 
Both methods indicate no significant differences in the population density between the three 
localities. 

In all the three localities, the mean number of egg/ovitrap observed was significantly lower from the 
mean number of egg/ovitrap predicted by HLC when using the equation developed in Northern 
Italy condition. Even taking into consideration the different size of the ovitraps used in the two 
countries we cannot explain the discrepancy observed this year in comparison with the 2015. 
  

CONCLUSIONS

  
The Ae. albopictus population density observed in the peak period in the three urban localities may 
support outbreak of ChikungunyaA226V and to a much less extent of Chikungunya and Dengue 
viruses similarly to what has been observed in Northern Italy. The risk of outbreak related to the 
possible introduction of Zika virus is considered low. 
 
Starting from the mean number of eggs collected it has been possible to estimate the number of 
wild males and the number of sterile males to be released in order to suppress the Ae.albopictus 
population in the three localities.   



Development of non-chemical 
mosquito control measures: the mosquito control measures: the 

possible role of genetic control in 
Aedes IMS management 



Data
Krtole Radovici Krasici

Eggs
Males/

ha
M/ha/wk

X 1000
Eggs

Males/
ha

M/ha/wk
X 1000

Eggs
Males/

ha
M/ha/wk

X 1000
21-Jul 295.09 207.81 258.31 267.56 188.42 234.21 249.20 175.49 218.14

Estimation of the number of Ae.albopictus sterile males to be 
released weekly in the three localities to achieve a sufficient 

suppression - 2016

21-Jul 295.09 207.81 258.31 267.56 188.42 234.21 249.20 175.49 218.14
29-Jul 264.09 185.98 231.17 305.08 214.85 267.06 375.93 264.74 329.07
7-Aug 268.59 189.15 235.11 336.00 236.62 294.12 480.02 338.04 420.19

16-Aug 277.31 195.29 242.75 285.33 200.94 249.77 396.84 279.46 347.37
25-Aug 332.76 234.34 291.28 378.78 266.74 331.56 508.67 358.22 445.26
2-Sep 528.06 371.88 462.24 532.50 375.00 466.13 1042.20 733.95 912.30


