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Abstract: Covert infections of Spodoptera exigua multiple nucleopoliedrovirus (SeMNPV) 
have been detected in laboratory or field populations of the homologous host, S. exigua. Two 
RNA viruses belonging to the Iflaviridae family (SeIV-1, SeIV-2) were identified in S. exigua 
transcriptome from different laboratory colonies. The three viruses are vertically transmited and 
establish persistent infections, and coinfection of individual insects by these viruses is 
considered likely. In this study, we determined the prevalence of covert infections caused by 
iflaviruses and SeMNPV in order to identify virus associations in natural S. exigua populations. 
SeMNPV was detected in the 54% of field-adults, whereas 13% and 8% of insects were infected 
by SeIV-1 and SeIV-2, respectively. The prevalence of SeIV-1 and SeIV-2 in F1 adults showed 
higher levels than in parental generation, while the prevalence of SeMNPV decreased from 
parents to their offspring.    
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Introduction 
Spodoptera exigua caterpillars caused economic damaged in several crops in the 
greenhouses of southern Spain.  The larvae are susceptible to pathogens which are 
capable to produce lethal and sublethal infections. Namely the S. exigua 
nucleopolyhedrovirus (SeMNPV) has been found to produce epizooties in larval 
populations and nowadays there are a number of biopesticides based on this virus 
available to use against this pest.  SeMNPV can be transmitted either horizontally or 
vertically between individuals through the host population. The later transmission route 
produced covert infections that could be detected in field population (Cabodevilla et al. 
2011a).  

Recently the analysis of the transcriptome of S. exigua larvae revealed novel RNA 
viruses that have been identified belonging to the Iflaviridae family (S. exigua iflavirus-
1: SeIV-1; S. exigua iflavirus-2: SeIV-2) (Millán-Leiva et al. 2012; Choi et al. 2012). 
Very little is known about iflaviruses but they have been reported in association with 
NPVs in previous studies, these viruses apparently do not cause lethal infection, but 
result in  lower larval weight gain (Vial et al., 1983). The aim of this study was to 
evaluate the prevalence of baculovirus and iflavirus covert infections in a field 
population and their capability to be vertically transmitted to the offspring. 
 
 
 



Material and methods 
 
Field sampling of S. exigua insects 
Field adults were captured with UV light-traps in the greenhouses of southern Spain. 
Insects were reared individually in 25 ml plastic cups and allowed to lay eggs. After two 
days adults were frozen at -80ºC and twenty four neonates from each female were 
individualized in cups containing diet and reared through to the adult stage (F1) in 
laboratory conditions. F1 adults were frozen at -80ºC for the subsequent analysis. 
 
Total DNA and RNA extraction and RT-PCR and qPCR analysis 
For detection of covert infections total DNA and RNA was obtained from the adult 
abdomens of both field-caught and F1 generation, after being sexed by observation of 
the external genitalia.  

Multiplex RT-PCR and qPCR based on SYBR fluorescence were used to determine 
the individuals infected by iflaviruses and Spodoptera exigua multiple 
nucleopolyhedrovirus (SeMNPV), respectively. 
 
 
Results 
 
 Prevalence of covert infections in field adults 
Field-caught adults showed high levels of covert infections for SeMNPV: 54% positive 
by qPCR. Detection of iflaviruses was far less frequent (19%) for these adults. Males 
and females were infected at similar frequencies (SeMNPV: χ2 = 0.33, d.f. = 1, P > 
0.05; SeIV: χ2 = 1.65, d.f. = 1, P > 0.05). Field S. exigua populations frequently harbour 
covert infection produced by SeMNPV and iflaviruses. Previous studies carried out 
during 2006 and 2007 detected SeMNPV covert infection in the 16% of field-caught 
adults  by RT-PCR (Cabodevilla et al., 2011a).However, the PCR-based technique used 
in this study allow us to increase the sensibility of the method, detecting the virus 
despite of not being in replication. 
SeIV-1 seems to be frequent and easily transmitted in S. exigua laboratory colonies 
(Millán-Leiva et al, 2012), but this is the first time that this virus is detected in field 
insects. Co-infections of both virus species are rare, only 11 individuals harbor both 
viruses SeMNPV and SeIV1 or SeIV2 co-infecting, being possible to detect the three 
viruses tested in 3 adults of the total sample (130), suggesting that association between 
viruses is not such as common (Table 1). 
 
 
Table 1. Number of field adults covertly infected by SeMNPV, SeIV1 and SeIV2 or 
with multiple infection. 

SeMNPV + SeMNPV SeMNPV SeIV1
SeIV1 + SeIV2  + SeIV1  + SeIV2 + SeIV2

Male (55) 28 9 6 2 4 2 1
Female (75) 42 8 4 1 4 1 1
Total (130) 70 17 10 3 8 3 2
n: number of individuals analized

Gender (n) SeMNPV SeIV1 SeIV2

 
 
 
 
 



Transgenerational transmission 
Five females either infected or non infected by SeMNPV were randomly selected from 
the field-caught adults which had produced offspring. Ten adults of the offspring per F0 
female were analyzed to determine transmission rates of SeMNPV and SeIV (Table 2). 
 
 
Table 2: Number of descendents from field-caught adult infected by SeMNPV, SeIV-1 
and SeIV-2 or by multiple infection. A total of 50 adults of the offspring from the F0 
female positive and negative for the SeMNPV were analyzed.  

Female SeMNPV + SeMNPV SeMNPV SeIV1
parental SeIV1 + SeIV2  + SeIV1  + SeIV2 + SeIV2

SeMNPV+/ SeIV - (50) 10 19 5 3 1 1 8
SeMNPV-/ SeIV - (50) 5 30 23 1 2 0 0

SeIV2SeMNPV SeIV1

 
 
 

Virus transmission to a subsequent generation is possible for the three tested 
viruses. Overall SeMNPV vertical transmission resulted in low levels of F1 covert 
infection, being offspring from uninfected females showed the lowest proportion of 
SeMNPV infection. Non significant differences were found in numbers of descendent 
positive for SeIV and SeMNPV in the offspring of the covertly infected. However F1 
adults detected positive for SeIV was significantly higher than those for SeMNPV in the 
offspring from non-infected females (χ2 = 44.43, d.f.= 1, P < 0.05). 

Unexpected high transmission rates of the SeIV were found in F1 especially in the 
offspring of negative females. This may be due to infected male linage that could 
contribute to virus transmission.  Another explanation could be the rearing conditions 
that seem to quickly spread the infection through cultures in laboratory conditions 
(Millán-Leiva et al, 2012).  
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