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Arthropod-borne (arbo)viruses such as chikungunya, Zika, or dengue viruses are important human 

pathogens that circulate between their arthropod vectors (mosquitoes) and the human host [1]. These 

arboviruses have recently become a major public health threat in the New World hemisphere with new 

outbreaks present in the Caribbean and South and Central America [2]. In order to be able to interrupt 

the viral disease cycle in the vector, we need to understand the mechanisms of virus-vector interactions. 

One important aspect of these interactions is the vector competence (VC), the intrinsic ability of an 

individual vector to acquire and transmit a pathogen such as an arbovirus [3]. Important determinants of 

VC in mosquitoes are the tissue barriers, for example between the midgut lumen and the midgut 

epithelium (midgut infection barrier) and the midgut epithelium and the hemocoel. In between lies an 

extracellular matrix known as the basal lamina (BL) composed of collagen (IV), and laminin (midgut 

escape barrier). The pore size exclusion limit of the BL (9-12 nm), is too small for arbovirus virions (50- 

80 nm in diameter) to pass through [4]. However, arboviruses must disseminate to secondary tissues 

such as hemocytes, fat body, nerve tissue, and eventually the salivary glands in order to be transmitted to 

another vertebrate host. Thus, it has been postulated that the midgut BL structure needs to be temporally 

modified to enable virions to disseminate from the midgut. We have recently identified a group of 

proteinases called matrix metalloproteinases (MMPs) and their inhibitor, tissue inhibitor of 

metalloproteinase (TIMP), that might play a role in BL modification [5]. We observed that transgene- 

mediated midgut specific overexpression of TIMP is able to increase dissemination efficiency of 

CHIKV. Here, our objective is to reveal the mechanism underlying the midgut escape barrier for 

arboviruses in the yellow fever mosquito, Aedes aegypti. We hypothesize that the midgut BL serves as a 

barrier to CHIKV dissemination from the midgut, which becomes permissive for the virus during 

bloodmeal digestion enabling the virus to disseminate to secondary tissues. We also hypothesize that the 

BL degradation/remodeling process is based on enzymatic activities in which certain extracellular 

proteinases such as MMPs are involved. 

 

We utilize multiple microscopy techniques to test these hypotheses. Transmission electron microscopy 

(TEM) is performed to view the movement of virions, and the ultrastructure of midgut epithelial cells in 

a time course study early during infection. Strand-specific qRT-PCR detection of CHIKV RNA 

confirms arbovirus replication and dissemination in these tissues at coinciding time points. Intrathoracic 

injections of CHIKV provides an alternate route of infection allowing the midgut BL to be investigated 

as a barrier to arboviruses. Scanning electron microscopy (SEM) enables the study of arbovirus escape 

pathways and BL integrity from the perimeter of the midgut. Developing techniques for focused ion 

beam scanning electron microscopy (FIBSEM) will allow for a new way to study virus-vector 

interactions in vivo, and immunogold TEM will be used to localize MMPs and TIMP to areas of the BL 

during infection to further illustrate their role in the escape mechanism. 



These data demonstrate that CHIKV localizes to the plasma membrane of midgut epithelial cells through 

vesicular transport prior to midgut escape. Once virions are localized on the plasma membrane they can 

pass through the BL and disseminate to secondary tissues as early as 24 hrs post infection. Alternate 

routes of infection demonstrate that a bloodmeal is required for the permeability of the BL by CHIKV. 

This information helps us to better understand how arboviruses are able to disseminate through the BL 

and escape the midgut. 
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Figure 2. Ultrastructural views of CHIKV infected posterior midgut tissue of Ae. aegypti at I) 8 hpi, 

II) 24 hpi, III) 32 hpi, and IV) 48 hpi. Virions are seen accumulating at the plasma membrane prior 

to exit through the BL. 
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Figure 1. Ultrastructural views of the posterior 

midgut tissue of Ae. aegypti. (A) Cross-section of a 

non- infected midgut of a female at 7 days post-

bloodmeal (magnification: 600×). (B) Close-up view 

of image in panel (A) at 2000× magnification. Note 

the structured 

B A Figure 3. SEM images of midgut BL of A) sugarfed and 

B) 48 hpbm mosquitoes. A) shows a midgut associated 

trachea and muscle tissue surrounding the midgut. B) 

shows BL stretching along muscle tissue surrounding 

the midgut. 


