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Abstract 
Background: Rotavirus is a major cause of morbidity and 
mortality among children with gastroenteritis. Since the dis-
covery of rotaviruses, several techniques have been used for 
their laboratory diagnosis; those included Electron Micros-
copy (EM) and enzyme immunoassay. These methods, how-
ever, are expensive and not readily available everywhere. We 
have developed a technique which can be used for routine di-
agnosis of rotavirus gastroenteritis. 
 
Methods: Purified simian rotavirus, SA11, was injected into 
rabbits and the γ-globulin fraction of antisera was purified 
and used for coating of latex beads. The prepared sensitizied 
latex was then used for agglutination test on fecal samples. 
94 stool samples from infants with acute gastroenteritis were 
tested by (EM), enzyme immunoassay and Latex Agglutina-
tion (LA) method. 
 
Results: The sensitivity of enzyme immune assay and (LA) 
were 92.5% and 90%, respectively; the specificity of both tests 
was 98.1% as compared with (EM). 
 
Conclusion: Latex Agglutination Test (LAT) is a simple 
and relatively inexpensive test which can be used for diag-
nosis of rotavirus gastroenteritis in diagnostic laboratories 
and health centers. 
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Introduction 

uman serotypes of group A rotavirus are a major 
cause of gastroenteritis in young children throughout 
the world.1,2 Rotavirus gastroenteritis also occurs in 

older children and elderly populations.3-5 
The laboratory diagnosis of rotavirus infections plays an 

important role in treatment of the disease and also control of its 
outbreaks.6 Human serotypes of rotavirus do not grow readily 
in tissue culture and therefore, are difficult to be isolated from 
the clinical specimens.6,7 The laboratory diagnosis of rotavirus 
infections relies on direct observation of virus by (EM) and/or 
detection of viral antigens by Enzyme-Linked Immunosorbent 
Assay (ELISA) and Radioimmunoassay (RIA).7-10 These pro-
cedures, however, are technically demanding and require spe-
cialized equipments which limits their application.6,11 Therefore, 
a rapid simple method for detection of rotavirus in stool speci-
mens is desirable. The objective of this study was to develop a 
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rapid agglutination method for detection of hu-
man rotavirus in fecal samples of children pre-
senting with gastroenteritis. 
 
Materials and Methods 
 
Stool specimens 

Stool samples were collected from 94 in-
fants and children aged six months to five 
years who presented with acute gastroenteritis 
during the winter of 2003. Children were hospi-
talized with symptoms of vomiting, diarrhea 
and fever which lasted four to five days. 
Specimens were diluted 1:2 in Phosphate 
Buffer Saline (PBS) and clarified by centrifuga-
tion at 2000 rpm for 10 min. Supernatants were 
collected and stored at -70 ºC until used.11,12 
 
Virus 

The virus strain used in this study was sim-
ian SA-11 rotavirus which was passaged in a 
continuous African green monkey cell line 
(BSC-1). The virus was grown in cells using 
serum-free medium (DMEM, HiMedia, Iran) 
containing 0.3 g/L glutamine, 0.1 g/L pyruvate, 
2.5 g/L sodium bicarbonate, 100 U/mL penicil-
lin and 100 µg/mL streptomycin. Virus was 
treated with 4-5 µg/mL of trypsin and used as 
rotavirus seed.8 

 
Virus Purification 

Cells were infected with rotavirus at multi-
plicity of infection (moi) of 100 TCID50/cell. 
The infected cells were then harvested after 
48 hrs. They were frozen thawed twice and 
clarified by centrifugation at 2000 rpm for 15 
minutes using a clinical centrifuge. Virus was 
concentrated by ultracentrifugation (at 25,000 
rpm for 2.5 h) on 40% sucrose cuchin and 
purified by ultracentrifugation (30,000 rpm for 
3 h) in CsCl gradient.3,6,13 The virus bands 
were collected and dialyzed against (PBS) at 
4 ºC. Purified rotavirus was examined by 
negative staining EM. The upper band which 
contained double shelled rotaviruses was 
taken and dialyzed against phosphate buffer 
and stored until used. 
 
Antiserum Preparation 

Equal volumes of purified virus suspen-
sion and complete Freund's adjuvants were 
mixed and injected subcutaneously into rab-
bits. Protein concentration for each injection 
was approximately 200 µg. The rabbits were 
injected at weekly intervals for three weeks 
and a final booster dose was given after one 
month. Rabbits were bled 10 days later. The 
titers of pre-immunization and hyperimmune 
sera were determined by indirect immuno-
fluorescent test. 

Preparation of IgG 
The γ-globulin fraction of antiserum was pu-

rified by ammonium-sulfate prcipitation at 45% 
saturation (v/v).14 The precipitate was dialyzed 
against phosphate buffer (pH 7.5) for 24 hrs. 
The dialysate containing partially-purified γ-
globulin was further purified by passing 
through an ion exchange column of Diethyl 
Amino Ethyl Cellulose. The column was eluted 
with 0.02 M phosphate buffer (pH 6.5). The γ-
globulin fractions were further concentrated by 
polyethylene glycol through a dialysis bag and 
protein concentration was determined by 
measuring the optical density (OD) at wave-
length of 280 nm. 
 
Coating of latex 

Latex beads (0.8 µ, DIFCO) were diluted 
1:2 in 0.1 M glycine buffer (pH 8.2), and mixed 
with IgG solution at concentration of 200 
µg/mL protein and incubated for 24 hrs. To 
saturate the nonspecific sites on latex beads 
glycine buffer containing 1% bovine serum al-
bumin (BSA) was added with ratio of 2:1 (v/v). 
The suspension was then centrifuged at 2000 
rpm for 15 minutes and the pellet was resus-
pended in the original volume of glycine buffer 
and stored at 4 ºC. 
 
Latex Agglutination Test 

Fifty µL of clarified stool suspensions were 
mixed with 50 µL of sensitized latex beads on 
a slide and placed on a lateral shaker. Latex 
beads were coated with various dilutions of 
IgG containing 200 µg/mL protein. Preimmune 
rabbit serum was used as the negative control. 
Agglutination reaction was evaluated after 3–5 
min and was scored 1+ to 4+ according to the 
degree of latex clumping. 

Rotavirus seed (TCID 50 = 105.5/mL) was di-
luted up to 1:160. Agglutination test was carried 
out by mixing different dilutions of antigen with 
different titers of IgG. Different titers of rotavirus 
seed (TCID 50 = 105.5/mL) was prepared and 
tested for agglutination. The titer of 1:16 of this 
suspension was used as the positive control. 
 
Indirect Enzyme Immune Assay test 

This test was carried out according to the 
manufacturer's instructions (Dakocytomation, 
Cambridgeshire, UK). Briefly, 100 µL of clari-
fied stool samples or control was used. Then, 
100 µL of peroxidase-conjugated antibody was 
added and the mixture was incubated at room 
temperature (RT) for 60 min. After washing the 
wells, 100 µL of the substrate was added and 
incubated at RT for 10 min. Then, 100 µL of 
stopping solution was added and absorbancy 
was read by an ELISA (Dakocytomation, Cam-
bridgeshire, UK) reader. 
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Electron microscopy 
Clarified stool specimens were negatively 

stained using 1% Phosphotungstic Acid (PTA) 
on 400 mesh copper grids. The grids were ex-
amined in a Zeiss EM10 electron microscope. 
 
Comparison of various tests for detection of 
rotavirus in different dilutions of rotavirus 

To compare the sensitivity of (LAT) with 
commercially-available IDEIA test, dilutions of 
rotavirus stocks with known titers (105.5 TCID 
50/mL) were prepared. Parallel samples were 
tested by both methods. 
 
Evaluation of LAT on clinical specimens 

To determine the potential use of LAT for 
the diagnosis of rotavirus gastroenteritis, 94 
specimens from children suffering from gastro-
enteritis were collected. These specimens 
were tested by the above-mentioned three 
methods—LAT, IDEIA and EM, the gold-
standard method. 
 
Results 
 
Virus purification 

Virus was purified by CsCl density gradient 
centrifugation as described earlier. The purity 
of virus band was examined by EM. We found 
that the upper band in the gradient tube con-
tained double-shelled virus particles (fig 1) and 
the lower band contained single-shelled parti-
cles (fig 1). These preparations were appar-
ently pure and free from the cell debris. 
 

 
Fig 1: EM of purified virus prepared by the negative stain-
ing technique. Virus particles from the upper band of the 
tube are complete double-shelled rotavirus (a) (160,000×). 
The viruses from the lower band are single-shelled rotavi-
rus (b) (130,000×). 
 
Preparation of γ-globulin 

Hyperimmune sera obtained from rabbits in-
jected with purified virus were titrated by the 
immuno-fluorescent (IF) technique (fig 2). The 
titer of the antisera measured by IF, was 1:40 
which showed clear staining of intracellular viral 
antigens. The γ-globulin fraction of antisera  

obtained by column chromatography was also 
titrated and its antibody potency was deter-
mined by IF test. At a dilution of 1:80 of γ-
globulin, the solution contained 200 µg/mL pro-
tein and reacted positively with viral antigens. 
This preparation was used for coating latex par-
ticles. 
 

 
Fig 2: Rotavirus antigens in infected cells. Cells were 
stained by fluorescein-conjugated antibody using rotavirus-
specific antisera. 
 
Latex sensitization and standardization 

Nonspecific agglutination was seen at dilu-
tion 1:2 (100 µg/mL protein) of IgG-coated 
beads. The nonspecific agglutination of coated 
latex beads could be eliminated by diluting the 
IgG before sensitization of latex. The optimum 
dilution of IgG for antigen detection was 1:4 
which corresponded to 50 µg/mL protein. 
 
Comparison of various tests for detection of 
rotavirus in different dilutions of rotavirus 

Test results at different virus concentrations 
are shown in table 1. At a dilution of 1:32 of the 
virus, both tests showed positive results. At 
dilution of 1:64, which was the end-point, 
IDEIA test was positive but LAT had borderline 
results. At this dilution, viral particles could be 
observed by EM. 
 

Table 1: Comparison of various tests for detection of 
rotavirus at various dilutions of rotavirus. 
Reciprocal of 
Titer 

ELISA LA EM 

1 + + + 
2 + + + 
4 + + + 
8 + + + 
16 + + + 
32 + + + 
64 + +/– + 
128 +/– – + 
256 – – – 
Rotavirus stock with titer (105.5 TCID 50/mL) was diluted 
up to 1:256. Samples were tested simultaneously by 
ELISA, LA and EM. 

 
Evaluation of LAT on clinical specimens 

Fig 3 shows a positive stool sample show-
ing presence of rotavirus particles. table 2 
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shows that out of 94 specimens tested, 40 
were positive by EM, 39 by IDEIA and 38 by 
LAT. The sensitivity of IDEIA and LA tests 
were therefore, 92.5% and 90%, respectively; 
the specificity of the both tests was 98.1%. 
 

 
Fig 3: EM of a positive stool sample by negative staining 
technique showing the presence of rotavirus particles. 
 

Table 2: Comparison of EM, IDEIA and LA tests for 
detection of rotavirus in stool specimens collected from 
94 children with diarrhea. 
Method Positive Negative 
EM 40 54 
IDEIA 39 55 
LA 38 56 
The supernatants of clarified specimens were used for the 
tests. EM was carried out as the gold standard method. 

 
Discussion 
 
Several methods have been used for diagnosis 
of viral gastroenteritis.8,9,15 EM is the gold 
standard for detection of rotavirus.8-10 This 
method, however, requires expensive equip-
ments and skilled personnel which is not read-
ily available in many laboratories. Commercial 
IDEIA kit which is based on ELISA has been 
used by some investigators for the diagnosis of 
rotavirus infections in Iran.16,17 This method is 
rather expensive and requires several hours to 
be completed. LA is a rapid method which can 
be performed even in physician's office and 
comparatively is inexpensive. We used 
SA11strain of the virus because it has a group-
specific antigen with human rotavirus and its 
antibody can be used for diagnosis of human 
rotavirus gastroenteritis. 

The most important factor for specificity of 
LAT was to use purified antigen for antibody 
preparation. 

We purified rotavirus and confirmed its pu-
rity by EM. Care was taken to use proper posi-
tive and negative controls to detect false reac-
tions. Using concentrated IgG at a dilution of 
1:2 for coating, was found to give false posi-
tive. At lower concentrations, this problem was 
eliminated. The possible cause of false-
negative results could be the lack of adequate 

sensitivity to detect low number of virus parti-
cles which could be observed by EM. When 
LAT was concurrently used with EM and IDEIA 
methods, for detection of rotavirus in clinical 
specimens, we found that the sensitivity and 
specificity of LAT was quite high and accept-
able comparing to IDEIA. Although these val-
ues are slightly lower than those of IDEIA, 
considering the simplicity and the relative low 
cost of LAT, it can be used in many laboratories 
and health centers for diagnosis of rotavirus gas-
troenteritis. Although we did not use commercial 
(LA) kits, previous studies have shown that the 
specificity and sensitivity of commercial kits were 
99.5% and 81.7%, respectively.11 
 
Conclusion 

LAT can be used for diagnosis of rotavirus 
gastroenteritis. This method is non-expensive 
and simple to perform as compared to IDEIA 
and EM. Its sensitivity and specificity is good 
and comparable with those of IDEIA. 
 
Acknowledgements 
 
The authors thank Iran University of Medical 
Sciences for financial support of this project. 
 
References 
 
1 Brandt CD, Kim HW, Rodriguez WJ, et al. 

Pediatric viral gastroenteritis during eight 
years of study.J Clin Microbiol 1983; 18: 
71-8. 

2 Estes MK, Palmer EL, Obijeski JF. Rotavi-
ruses: a review. Curr Top Microbiol Immu-
nol 1983; 105: 123-84. 

3 Wenman WM, Hinde D, Feltham S, Gur-
with M. Rotavirus infection in adults. Re-
sults of a prospective study. N Engl J Med 
1979; 301: 303-6. 

4 Penaranda ME, Ho MS, Fang ZY, et al. 
Seroepidemiology of adult diarrhea rotavi-
rus in China, 1977 to 1987. J Clin Microbiol 
1989; 27: 2180-3. 

5 Parashar UD, Bresee JS, Gentsch JR, 
Glass RI. Rotavirus. Emerg Infect Dis 
1998; 4: 561-70. 

6 Martin AL, Follett EA. An assesment of the 
sensitivity of three methods for the detec-
tion of rotavirus. J Virol Methods 1987; 16: 
39-44. 

7 Morinet F, Ferchal F, Colimon R, Pérol Y. 
Comparison of six methods for detecting 
human rotaviruses in stools. Eur J Clin Mi-
crobiol 1984; 3: 136-40. 

8 Kalica AR, Purcell RH, Sereno MM, et al. 
A microtitre solid phase radioimmunoassay 
for detection of human reovirus-like agent 
in stools. J Immunol 1977; 118: 1275-9. 



A. Ataei Pirkooh, M.S. Shahrabadi 
 

Iran J Med Sci June 2007; Vol 32 No 2 104 

9 Herring AJ, Inglis NF, Ojeh CK, et al. 
Rapid diagnosis of rotavirus infection by di-
rect detection of viral nucleic acid in silver-
stained polyacrylamide gels. J Clin Micro-
biol 1982; 16: 473-7. 

10 Pyndiah N, Béguin R, Richard J, et al. Ac-
curacy of rotavirus diagnosis: modified ge-
nome electrophoresis versus electron mi-
croscopy. J Virol Methods 1988; 20: 39-44. 

11 Pai CH, Shahrabadi MS, Ince B. Rapid 
diagnosis of rotavirus gastroenteritis by a 
commercial latex agglutination test. J Clin 
Microbiol 1985; 22: 846-50. 

12 Steele AD, Williams MM, Bos P, Peenze I. 
Comparison of two rapid enzyme immuno-
assays with standard enzyme immunoas-
say and latex for the detection of human 
rotavirus in stools. J Diarrheal Dis Res 
1994; 12: 117-20. 

13 Shahrabadi MS, Lee PW. Bovine rotavirus 

maturation is a calcium-dependent proc-
ess. Virology 1986; 152: 298-307. 

14 Phillips AP, Martin KL, Horton WH. The 
choice of methods for immunoglobulin IgG 
purification; Yield and purity of antibody ac-
tivity. J Immunol Methods 1984; 74: 385-93. 

15 Cukor G, Perron DM, Hudson R, Blacklow 
NR. Detection of rotavirus in human stools 
by using monoclonal antibody. J Clin Mi-
crobiol 1984; 19: 888-92. 

16 Zarnani AH, Modarres Sh, Jadali F, et al. 
Role of rotaviruses in children with acute 
diarrhea in Tehran, Iran. J Clin Virol 2004; 
29: 189-93. 

17 Modarres SH, Modarres SH, Oskoii NN. 
Rotavirus infection in infants and young 
children with acute gastroenteritis in the Is-
lamic Republic of Iran. Eastern Mediterra-
nean Health Journal 1995; 1: 210-14. 

 
 


