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ABSTRACT 

 

West Nile virus (WNV) envelope glycoproteins preM/E were stably expressed in baby hamster kidney cells 

and tested as antigen in a fluorescent antibody assay for WNV antibodies. Sera from horses, mice and 

chicken immunized with an inactivated WNV vaccine and, less consistently, sera from horses acutely 

infected with WNV, reacted specifically with viral antigens present in preM/E-expressing cells. 
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West Nile virus (WNV) is an emerging flavivirus 

maintained in nature through alternate cycles of infection in 

mosquitoes and wild birds, in which produces from subclinical 

infection to deadly disease (7). Occasionally, the virus is 

transmitted to humans, horses and other wild and domestic 

mammals, causing a self-limited febrile illness in mild cases, 

but severe meningitis or encephalitis in some cases (8). During 

decades, WNV infection was limited to North Africa, Middle 

East, Europe and Central Asia, causing sporadic, restricted 

outbreaks of human and/or animal disease (7, 16). In 1999, the 

virus was introduced in New York city (USA) by yet unknown 

means, causing around 60 human infections and seven deaths, 

and high mortality in wild and zoo birds (14). Following the 

initial outbreak, WNV progressively spread across the United 

States producing more than 25,000 human cases and around 

1,200 deaths (7); near 30,000 horse cases and over 10,000 

deaths (6). Extensive mortality among several bird species has 

also been documented during this outbreak (10). Moreover, 

WNV also spread northwards reaching Canada (17) and 

southwards, reaching Central America (12) the Caribean (11) 

and, Argentina (1, 13). In Brazil, there are no official reports of 

human or animal WNV infections up to date. However, the 

progressive spread of WNV southwards into South America 

has led to the concern of its possible introduction in Brazilian 

tropical and subtropical areas, where it would encounter 

favorable environmental conditions for maintenance and 

transmission (6).  Thus, epidemiological surveillance in wild 

birds and horses – considered natural sentinels for WNV 

activity – holds critical towards early detection and adoption of 

measures to prevent or minimize human exposure upon the 

introduction of the virus. 

As other flaviviruses, WNV contains a positive-sense 

linear RNA genome, wrapped inside an icosahedral protein 

coat covered externally by a lipid envelope (2). The lipid layer
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of WNV particles contain the envelope (E) and membrane 

protein (M), the later being synthesized as a precursor 

membrane (preM) protein in infected cells (2, 3, 5). The E 

protein is the viral attachment protein, plays important roles in 

receptor binding, in fusion/penetration and contains most of the 

neutralizing epitopes (2,3). Thus, many gene-engineering 

flavivirus vaccines, including DNA vaccines, have been 

developed using the preM and E genes (4). 
The gold standard serological assay for WNV is the 

plaque reduction neutralization test (PRNT) that is used as a 

confirmation and a titration technique for specific-WNV 

neutralizing antibodies. Immunoenzymatic tests (ELISAs) have 

also been used to detect WNV antibodies, and can be classified 

into three principal types: IgM antibody-capture ELISA, 

indirect ELISA to detect IgG and epitope blocking ELISA (4). 

Fluorescent antibody assays (IFA) performed over fixed WNV 

infected cells have also been used in some laboratories (4). In 

any case, antigens used in serological tests are either produced 

in cell culture or in mice (15). Thus, most procedures of 

antigen production for serologic tests involve virus 

manipulation. Nevertheless, the current WNV-free status 

would preclude manipulation of infectious virus in Brazilian 

territory, unless in special situations and under stringent 

laboratory containment. On the other hand, recombinant 

antigens expressed in drosophila cells, E. coli or mammalian 

cells have been shown to be adequate alternatives to be used in 

serological tests (4). 

As to accommodate both needs, we used a strategy to 

produce WNV antigens for diagnosis without manipulating 

infectious virus. We herein describe the stable expression of 

WNV preM/E proteins in mammalian cells as an alternative for 

antigen production for WNV serological diagnosis. 

Baby hamster kidney cells (BHK-21, ATCC, CCL-10) 

were lipofected with the plasmid vector pcWNME (kindly 

provided by Dr E. Konishi, Kobe University, Kobe, Japan). 

The vector pcWNME contains the coding region of WNV 

preM/E glycoproteins under the control of human 

cytomegalovirus (CMV) promoter (9). In addition to the 

expression cassette, the plasmid contains a selection marker for 

amplification in E.coli (ampicillin resistance) and a resistance 

marker for neomycin selection in eukaryotic cells (9). Plasmid 

amplification was conducted in E.coli and plasmidial DNA was 

purified using a plasmid DNA purification kit (Qiagen, Hilden, 

Germany). BHK-21 cells were cultivated in minimum essential 

medium (MEM), containing ampicillin (1.6mg/L), 

streptomycin (0.4mg/L) and nistatin (0.02mg/L), supplemented 

with 10% fetal bovine serum. 

Forty eight hours after transfection, cells were trypsinized, 

submitted to limiting dilution in culture medium supplemented 

with 400µg/mL of G-418 (Gibco-Invitrogen, Van Allen Way, 

Carlsbad, USA) and seeded on 96-well plates. G-418-resistant, 

single cell-derived colonies were observed after a few weeks of 

culture. Several resistant clones were selected and submitted to 

two additional cloning steps under G-418 selection. After three 

cycles of cloning, G-418-resistant clones were selected, 

amplified and investigated for expression of preM/E proteins 

by fluorescent antibody assay (IFA) as described below. After 

a first screening for protein expression, three clones expressing 

the proteins were selected for further characterization. The 

passage counting started after this step; cells were maintained 

in culture medium containing 400µg/mL of G-418 during all 

passages and experiments. The selected clones were 

subcultured at every 4 to 6 days and protein expression was 

monitored by IFA at every two or three passages. The cells 

expressing WNV proteins will be thereafter designed BHK-

M/E.  

The expression of WNV preM/E proteins in G-418-

resistant cell clones was routinely performed by indirect 

fluorescent antibody assay (IFA) performed on cell monolayers 

grown over glass coverslips. A flavivirus-specific mouse 

immune ascitis fluid (MIAF, provided by Dr Luiz Tadeu 

Moraes Figueiredo, Universidade de São Paulo, USP, Ribeirão 

Preto, SP, Brazil) was used as primary antibody and an anti-

mouse FITC-conjugated as the secondary antibody (Sigma-
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Aldrich, St. Louis, MO, USA). Control BHK-21 cells were 

used as negative controls in all experiments and procedures. 

Expression of WNV preM/E proteins in selected cell 

clones was detected by IFA up to cell passage 30 (Figure 1A). 

The percentage of positive cells (20-30% to 50-60%) and the 

intensity of the fluorescence varied over the cell passages (not 

shown). The reasons for these variations were not investigated, 

yet might result from some degree of toxicity of the expressed 

proteins for the transformed cells. No reaction was ever 

observed in BHK-21 cells, submitted to the same IFA protocol, 

confirming the specificity of the reaction (Figure 1B). Negative 

mouse serum incubated over fixed BHK-M/E and BHK-21 

cells also yielded negative IFA results, attesting the specificity 

of the test (not shown). In addition, we performed an IFA using 

an anti-flavivirus monoclonal antibody (HB-112, ATCC) as the 

primary antibody. Again, positive IFA reaction was observed 

in BHK-M/E, but not in BHK-21 cells (Figure 1C, 1D). These 

results demonstrate that BHK-21 cells transformed with the 

plasmid vector pcWNME and maintained under G-418 

selection stable express WNV proteins preM/E. Recombinant 

proteins were recognized by a flavivirus-specific monoclonal 

antibody and by polyclonal mouse antisera (Figure 1A, 1C).  

Next, we examined whether BHK-M/E cells would serve 

as antigen substrate in an IFA assay to detect anti-WNV 

antibodies in sera of different species. Glass slides containing 

acetone-fixed monolayers of BHK-M/E and control BHK-21 

cells were incubated with undiluted sera of different sources, 

followed by washings in PBS and distilled water and 

incubation with the respective anti-species immunoglobulin 

FITC-conjugated (secondary antibodies were purchased from 

Sigma-Aldrich, St Louis, MO, USA). The origin of tested sera 

were, as follows: i. Sera from two horses vaccinated with a 

commercial inactivated WNV vaccine (West Nile Innovator, 

Fort Dodge Animal Health, Iowa, USA), collected at days 30 

and 60 post-vaccination (pv); ii. Sera from four mice 

immunized with the same vaccine (1/4 of the recommended 

dose), collected at day 90 pv; iii. Serum samples from four 

vaccinated chicken (1/2 of the dose, collected at day 60 pv); iv. 

Sera from two vaccinated rabbits (1/2 of the dose, days 30 and 

60 pv). In addition, serum samples collected from 12 horses 

during acute, clinical WNV infection were also tested. These 

samples were positive for WNV antibodies in an IgM ELISA 

and were kindly provided by Dr Judith Wheeler, Veterinary 

Diagnostic Center, University of Nebraska at Lincoln, Lincoln, 

NE, USA. The results of IFA performed over fixed BHK-M/E 

and BHK-21 cells using these sera as primary antibody are 

shown in Table 1. 

Sera from vaccinated horses (30 and 60 days pv) and mice 

(90 days pv) showed a frank positive reaction with BHK-M/E 

cells in the IFA assay (Table 1, Figure 1E, 1G). No 

fluorescence was observed in control BHK-21 cells incubated 

with these sera (Figure 1F, 1H), attesting the specificity of the 

reaction. Sera from vaccinated chicken (day 60 pv) reacted 

weakly with BHK-M/E cells, yet the reaction could be clearly 

distinguished from that observed in control cells (not shown). 

On the other hand, no specific fluorescent reaction was 

observed by using rabbit sera (days 30 and 60 pv) as primary 

antibody. These results show that sera of horses, mice and 

chickens (but not rabbits) immunized with an inactivated WNV 

vaccine contained antibodies (likely IgG, as the secondary 

antibody used was anti-IgG) that specifically bound to WNV 

antigens expressed in BHK-M/E cells. The lack of reaction of 

immunized rabbit sera might be due to the low levels of 

antibodies induced by vaccination. On the other hand, the 

positive reaction by testing the other sera is promising towards 

the use of these cells as the antigen substrate in IFA for WNV 

antibodies. It is reasonable to speculate that natural WNV 

infection would induce higher antibody titers than an 

inactivated vaccine. Thus, is conceivable that convalescent sera 

from WNV naturally infected animals would contain enough 

antibodies as bind to viral antigens in BHK-M/E cells and yield 

positive fluorescence. 

In order to further address the suitability of the BHK-M/E-

based IFA to detect WNV antibodies, sera obtained from 12 
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horses during acute, clinical WNV infection were tested. These 

samples were previously tested positive for WNV IgM in a 

home-made ELISA (Judith Wheeler, VDC, UNL, personal 

communication). As shown in Table 1, four out of 12 samples 

reacted positively with viral antigens in BHK-M/E cells. Thus, 

sera from acutely affected, naturally infected horses also 

reacted with WNV antigens in IFA. It was not surprising that 8 

out of 12 samples were negative in our test, since this test is 

designed to detect IgG. This class of immunoglobulin appears 

later than IgM during WNV infection, typically 10-12 days 

after the onset of clinical signs (4, 15). It is likely that sera 

collected at late stages of acute infection or after the 

convalescent period – when IgG reaches higher levels – would 

yield more consistent IFA positive results. In any case, as our 

test is intended to be used in serological surveys, it needs to be 

validated by testing a large number of WNV convalescent sera. 

Regardless, these preliminary results are promising towards the 

use of these antigens in serological tests. 

The restriction for WNV manipulation only under 

stringent laboratory containment (BSL-3 facilities) has 

somehow delayed the production of reagents for serological 

diagnosis in WNV free-areas. Alternatives for antigen 

production include the use of viral vectors expressing WNV 

proteins and recombinant proteins produced in E.coli, insect 

and mammalian cells (4). The plasmid vector pcWNME – used 

in the present study – was constructed to investigate the 

immunogenicity of a DNA-based vaccine and its synergism 

with an inactivated vaccine (9). Transient expression of 

preM/E proteins was demonstrated in pcWNME-transfected 

BHK-21 cells and in mice immunized with the plasmid DNA 

(9). Nonetheless, stable protein expression by this vector has 

not been attempted or demonstrated. Then, before embarking 

on a bacterial or baculovirus expression system, we tried to 

express the recombinant proteins in BHK-21 cells in a stable 

fashion and investigated their suitability as antigen in a IFA-

based serological assay. Recombinant proteins were detected 

for over 30 cell passages, being specifically recognized by 

antibodies present in the sera of WNV vaccinated animals. 

Moreover, antibodies of the sera of WNV acutely infected 

horses also bound specifically to recombinant proteins. 

Unfortunately, the unavailability of a large number of horse 

and avian sera positive for WNV antibodies precluded a more 

detailed examination on the specificity and sensitivity of the 

preM/E-based IFA assay, and whether it would be adequate for 

serological diagnosis in field samples. As the amount of protein 

expressed by transformed cells appears to be low, protein 

purification has not been attempted. Alternatives for abundant 

protein expression would include the use of bacterial or 

baculovirus-based expression systems to produce WNV 

antigens. 

Summarizing, the stable expression of preM/E proteins in 

BHK-21 cells and their specific recognition by WNV antisera 

are promising towards their use as antigen in serological tests 

for WNV diagnosis and monitoring. 

 

Table 1. Reactivity of sera from different animal species vaccinated or naturally infected with WNV, with BHK-ME cells and 

negative control (BHK-21 cells) by IFA. 

Positive reaction 
Origin Number of samples 

BHK-M/E cells BHK-21 cells 

Vaccinated horses 2 2 0 
Vaccinated mice 4 4 0 

Vaccinated chickens 4   4* 0 
Vaccinated rabbits 2 0 0 

Naturally infected horses 12     4** 0 
*Weak reaction, yet distinguishable from reaction on BHK-21 cells. 
** Sera obtained during acute, clinical WNV infection. 
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Figure 1. Reactivity of antibodies from different sources with WNV proteins preM and E expressed in BHK-21 cells, by 

immunofluorescence. Left column: BHK-M/E cells; right column: control BHK-21 cells. These cells were incubated with mouse 

ascitis fluid (MIAF) (A and B); flavivirus-specific monoclonal antibody HB-112 (C and D); serum from a horse immunized with a 

WNV inactivated vaccine (E and F) and serum from a mouse immunized with the WNV vaccine (G and H). Positive reaction was 

observed only in sera incubated with BHK-M/E cells. Photographs correspond to IFA performed on BHK-M/E cells at passages # 3 

(A); # 22 (C) and # 8 (E-G), and BHK-21 at passage #35. 
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