


Laboratory Diagnosis of 
Viral Diseases 



Diagnostic Methods in Virology 

1- Virus Isolation 

2- Electron Microscopy 

3- Antigen Detection  

4- Antibody Detection 

5- Viral Genome Detection  



Virus Isolation 

 

1. Animals             disease or death  

 

2. Eggs            pocks on CAM 

                    haemagglutination 

                     

 

3. Cell Culture        cytopathic effect  (CPE)   

               haemadsorption 

                      immunofluorescence 

 

 

 



NEWBORN MOUSE 



Virus Cultivation  

• Growth Chicken Embryos (Eggs) 



CHIKEN  
EMBRYO 





CHIKEN  
EMBRYO 



CHICKEN  
EMBRYO 



Normal & Viral Infected 
Chorioallantoic Chick Membrane 



ANIMAL CELL CULTURES 

• Derived from animals, or humans 

• Culture in special medium 

• Infected cells show cytopathic effect 
(CPE) 











Figure 3.1: The steps 

involved in performing 

one-step growth 

experiments. 



–BSL-3 
• for work performed with agents 

that may cause serious or 
potentially lethal disease through 
inhalation route exposure 

• requires protective eye, face, 
clothing, gloves  

• a series of two self-closing doors 
restricts access to the lab  

• sealed windows, seams, floors, 
walls, and ceiling surfaces  

• a closed air ventilation system 

• HEPA filtration 
Figure 5.25a: A CDC researchers 
working in a BSL-3 lab on highly 

lethal influenza strains.  

Courtesy of James Gathany/CDC 



Cell Culture Method 

• Cell culture 
– Permanent cell line 

– Monolayer 

– Collect cells, disperse (treat with 
enzymes), petri dish growth 
• Buffer, nutrients, vitamins, 

antibiotics, amino acids, serum 
(sometimes), pH indicator 

 



Non-infected 
monkey cells 

Infected 
monkey cells 



Multinucleated (giant) cells 
infected with reovirus 



HSV Cytopathic effect 

Normal cells CPE 



INCLUSION BODIES 



Intracytoplasmic & Nuclear Inclusion 
Bodies 



IF Test 



Cytopathic Effect 

Syncytium formation in cell 
culture caused by RSV (top), and 
measles virus (bottom).  

 



Hemadsorption Test 

• Some viruses agglutinate RBCs 

– Mumps, measles, influenza 

– Hemagglutination 
• Clumps RBCs 



Plaque 
Assay 



Quantitative Assays 

• Plaque assays 

–Lytic viruses only 

–Steps 

• Serial dilution of virion-
containing solution 

• Create tissue culture plates 

• Spread diluted virus 

• Overlay with agar—prevents 
diffusion 

• Count number of plaques 

–Each plaque represents 1 PFU 
(Plaque Forming Unit) 

Plaque assays used to quantitate a viral 
stock. 

Courtesy of Teri Shors 



Electron Microscopy 

• Electron Microscopy 
– Examine specimen for 

viruses 

• Immuno-electron 
microscopy 
– Labeled antibody 



Electron Microscopy 

106 virus particles per ml required for visualization,  50,000 - 

60,000 magnification normally used. Viruses may be detected in 

the following specimens. 

 

Faeces   Rotavirus, Adenovirus 

   Norwalk like viruses 

   Astrovirus, Calicivirus    

Vesicle Fluid  HSV 

   VZV 

 

Skin scrapings papillomavirus, orf 

   molluscum contagiosum 



Electronmicrographs 

Adenovirus Rotavirus 

(courtesy of Linda Stannard, University of Cape Town, S.A.) 



Rapid Diagnosis Based on the 
Detection of Viral Antigens 

Nasopharyngeal Aspirate  RSV 

     Influenza A and B 

     Parainfluenza 

     Adenovirus 

 

Faeces    Rotaviruses 

     Adenoviruses 

     Astrovirus 

 

Skin    HSV 

     VZV 

Blood    CMV (pp65 antigenaemia test) 



Immunofluorescense 

Positive immunofluorescence test for 
rabies virus antigen. (Source: CDC) 

(Virology Laboratory, Yale-New Haven 
Hospital) 



CMV pp65 antigenaemia test 

(Virology Laboratory, Yale-New Haven Hospital) 



Antigen Detection 



Antibody Detection 

• Indirect 
– Primary and secondary responses to viral infections 

• IgM (1st exposure) 

• IgG (2nd exposure) 

 

 Primary (1 degree) and secondary (2 degree) antibody responses toward a viral pathogen. 



Antibody Detection 

Detection of rising titres of antibody between acute and convalescent 
stages of infection, or the detection of IgM in primary infection. 

                
 

Classical Techniques Newer Techniques

1. Complement fixation tests (CFT) 1. Radioimmunoassay (RIA)

2. Haemagglutination inhibition tests 2. Enzyme linked immunosorbent assay (EIA)

3. Immunofluorescence techniques (IF) 3. Particle agglutination

4. Neutralization tests 4. Western Blot (WB)

5. Counter-immunoelectrophoresis 5. RIBA, Line immunoassay



Complement Fixation Test 

Complement Fixation Test in Microtiter Plate. Rows 1 and 2 exhibit 
complement fixation obtained with acute and convalescent phase serum 
specimens, respectively. (2-fold serum dilutions were used) The observed 4-
fold increase is significant and indicates recent infection. 



Hemagglutination 



Figure 5.21a: The basic principles behind the Western blotting procedure.  

Modified from Specter, S. C., R. L. Hodinka and S. A. Young. Clinical Virology Manual, Third Edition. ASM Press, 2000. 



Figure 5.21b: The structure of HIV-1. 

Image courtesy of Bio-Rad Laboratories 

Figure 5.21c: The typical results of a Western blot 
testing patient serum for HIV-1 antibodies.  

(c) (b) 



Western Blot 

HIV-1 Western Blot 

• Lane1: Positive Control 

• Lane 2: Negative Control 

• Sample A: Negative 

• Sample B: Indeterminate 

• Sample C: Positive 



Antibody Detection 

• Enzyme-Linked Immunosorbent Assays 
(ELISAs) 

– Enzyme reacts with substrate to produce colored 
product 

– Very sensitive 

 



Enzyme Linked ImmunoSorbent 
Assay (ELISA)   

ELISA Technique 



• Enzyme-linked Immunosorbent Assays 
(ELISAs)  

     It combines the specificity of antibodies 
with the sensitivity of simple enzyme 
assays, by using antibodies or antigens 
coupled to an easily-assayed enzyme.  



What do you measure ? 

• ELISAs can provide a useful 
measurement of antigen or antibody 
concentration.  

1. detect the presence of antigens that 
are recognized by an antibody  

2.  test antibodies that recognize an 
antigen.  



ELISA 
Procedures 



Substrate 

Primary 
antibody 

Secondary 
antibody 

Different antigens in sample 

Coloured  
product 







Competitive assay 

 

• Plate is coated with specific antibody 

• Test antigen is placed together with labeled 
antigen 

• Both antigens compete to bind to the 
Antibody 



Competitive assay 

• The more test antigen is present, the less of 
the labeled (Fluorescent or Enzyme) antigen 
binds 

• When relatively high concentrations of test 
antigens is present what is detected in the 
plate? What do you think about the colour 
appear in the wells? 

• Very light , light , dark , very dark……? 

 

 



sandwich ELISA 

 

• There are many different types of ELISAs. One of the 
most common types of ELISA is “sandwich ELISA ” 

• The sandwich ELISA measures the amount of antigen 
between two layers of antibodies.  

• The antigens to be measured must contain at least two 
antigenic sites, capable of binding to antibody, since at 
least two antibodies act in the sandwich.. 
 



• The sensitivity of the Sandwich ELISA is 
dependent on four factors:  

• The number of molecules of the first antibody 
that are bound to the solid phase.  

• The avidity of the first antibody for the antigen.  

• The avidity of the second antibody for the 
antigen.  

• The specific activity of the second antibody.  

 



• There are commercial kits for assays in 
different types of Ag or Ab by ELISA. 

 

The materials for your kit  
1. ELISA plate 
2. Positive control 
3. Negative control 
4. Dilution Buffer (already in 

dilution tubes) 
5. Conjugate (secondary 

antibody) 
6. TMB Substrate 
7. Stop solution 

 



Sandwich ELISA to detect antigen 
concentration. 

• Use the polyvinylchloride (PVC) micro-
titer plate. 

• Bind the unlabeled antibody to the 
bottom of each well by 50 mL of 
antibody solution to each well (20 
mg/mL in PBS). PVC will bind 
approximately 100 ng/well (300 
ng/cm2).  

• Incubate the plate overnight at 4° C to 
allow complete binding  

 



• Wash the wells twice with PBS. A 500 
mL squirt bottle is convenient. The 
antibody solution washes can be 
removed by flicking the plate over a 
suitable container. 

• The remaining sites for protein 
binding on the microtiter plate must 
be saturated by incubating with 
blocking buffer.  

• Blocking buffer -  3% BSA/PBS with 
0.02% sodium azide.  



• Incubate for 2hrs to overnight in a humid 
atmosphere at room temperature.  

   (Note: Sodium azide is an inhibitor or 
horseradish peroxidase. Do not include 
sodium azide in buffers or wash solutions, if 
an HRP-labeled antibody will be used for 
detection). 

•  Wash wells twice with PBS.  



Standard Preparation 



 

• Add Samples and Standards 

•  if dilutions are necessary, it 
should be done in blocking buffer 
(3% BSA/PBS with 0.02% sodium 
azide).  

• Incubate for at least 2 hrs at room 
temperature. Wash the plate four 
times with PBS.  



• Add the labeled second antibody.  

• Incubate for 2 hrs or more at 
room temperature.  

• Wash with several changes of 
PBS.  

• Add substrate as indicated by 
manufacturer.  



Read Plate At Appropriate 
Wavelength (=450 nm) 



© Hank Morgan/Science Photo Library/Photo Researchers, Inc. 
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Interpretation of Results in 
Qualitative tests 

Negative control = 0.150 or less 

The difference between the positive and 
negative control means must be greater than 
0.075  

Example: if negative control mean = 0.100, the 
positive control mean must be 0.176 or 
greater 

 



Calculation of Results 

–Average the 2 negative control wells  

–Average the 2 positive control wells 

–Average 2 wells for each sample 



ELISA Results 

• The status of a sample are evaluated by the sample 
to positive ratio (S/P ratio): 

 

Sample mean - negative control mean     

positive control mean - negative control mean 

 

(mean of optical absorbance) 

 
With the IDEXX kit S/P ratios of  greater than 0.5 are considered positive 



Calculation of Results 

• Example: 

  Sample mean= 0.820 

  Negative control mean=0.053 

  Positive control mean=0.563 

 

   POSITIVEor  5.1
510.0053.0563.0

767.0053.0820.0






S/P ratios of  greater than 0.5 are considered positive 

(Positive values will be different for each kit) 



Equipment-Module 3 70 

Troubleshooting: What is the source 
of the problem? 

• Sample? 

• Equipment? 

• Micro plate? 

• Water, Buffer? 

• Washing? 

• Substrate? 



Process Control: 

Quality Control  
for Quantitative Tests  



72 

Quantitative Tests 

• Measure the quantity of a particular 
substance in a specimen 

• Quality control for quantitative tests is 
designed to assure that patient results are: 

– accurate 

– reliable 
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What is a Control? 

• material that contains the substance being 
analyzed 

– include with patient samples when performing a 
test 

• used to validate reliability of the test system 

– run after calibrating the instrument 

– run periodically during testing 
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Calibrators vs. Controls 
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Calibrators  
 
A substance with a specific 
defined concentration   
used to set (calibrate) the  
measuring points on a scale. 

Controls  
 
A substance similar to  
patients’ samples that  
has an established 
concentration.  
 
Controls are used to ensure 
the procedure is working   
properly. 
 

1 
2 3 4 

5 

1 2 3 4 5 
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Appropriate  

diagnostic  

sample 

Values cover  

medical decision points 

Similar to test sample (matrix) 

 
Available in large quantity;   
ideally enough  for one year 

 

Can store in small aliquots 

Control 
materials 
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Types of Control Materials 

• may be frozen, freeze-dried, or 
chemically preserved 

• requires very accurate 
reconstitution if this step is 
necessary 
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Sources of Controls Materials 

• commercially prepared   
• made “in house”  

• obtained from another laboratory, usually 
central or reference laboratory 
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Statistics for Quantitative QC 
 

 assay control material at least 20 data 

points over a 20-30 day period 

 ensure procedural variation is represented 

 calculate the mean and standard deviation 

 calculate mean plus/minus 1, 2 and 3 SDs 
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Example 

Calculation of Mean: ELISA  Tests 

• Run controls 20 times in 30 days. Record both OD and 
cut off (CO) values for each measurement. 

• Divide the OD by the CO (OD/CO) for each data point or 

observation.  This standardizes the data. 

• Add the ratios and divide by the number of 

measurements to get the mean. 

 

 

Quantitative QC - Module 8 
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Standard Deviation and Probability 

For a set of data with a normal 
distribution, a random 
measurement  will fall within: 
 
+/- 1 SD 68.3% of the time 
 
+/- 2 SD 95.5% of the time 
 
+/- 3 SD 99.7% of the time 

 

 

68.2% 

95.5% 

99.7% 
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-3s-    2s     -1s       Mean     +1s     +2s +3s 

X
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If QC is out of control 

• stop testing 

• identify and correct problem 

• repeat testing on patient  
samples and controls after correction  

• Do not report patient results until 
problem is solved and controls 
indicate  

proper performance 



Viral Genome Detection 

– Nucleic acid methods  
• PCR (DNA), RT-PCR (RNA) 
• Can be used to detect 

viruses that are 
noncultivatable 

• Rapid identification (e.g. RT-
PCR)  

• Can be used to manage 
patients (e.g. HIV viral load) 

• Restriction fragment length 
polymorphism 




