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Conclusions 

 

 Influenza is not just a respiratory disease 

 

 Some influenza viruses are neurotropic 

 Dependent on virus 

 Dependent on species 

 

 Route of virus entry into CNS varies 

 Blood 

 Olfactory nerve 

 

 Serendipity can play an important role in research! 

 



Overview 

 Burden of disease from virus infection 

 

 Pathology less involved with virus research than other discipines 

 

 Value of pathology for virus research 

 Elucidating pathogenesis of virus infections 

 Proving Koch’s postulates 

 Strengthening animal models for human disease 

 Diagnosis and discovery of virus diseases 

 

 Overall conclusions and recommendations 



What you can expect to learn 

 Different functions of pathology for virus research 

 

 Methods involved in pathological analyses of virus infections 

 

 How you can include more pathology in your virus research 



Global burden of disease, overall pattern 
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Global burden of disease, contribution of specific virus 
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Main disciplines contributing to virus research 

 Virology: deals with viruses and viral diseases 

 

 Genetics: deals with heredity & variation of organisms 

 

 Immunology: deals with immune system, immunity, & immune responses 

 



What about pathology? 

 Pathology: deals with essential nature of diseases & especially 

structural and functional changes produced by them 



Articles in PubMed on viruses (722.564 total), 

categorized by discipline (accessed 25 May 2018) 
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Strange that pathology is relatively neglected 

 Part of the interest in virus 

infections is because they cause 

disease 

 

 Therefore, important to know 

about pathology of virus 

infections 



How virus infections induce pathological changes 

1. Direct damage to infected host cell 

 (e.g., lysis of host cell membrane by adenovirus) 

 

2. Induction of host immune response 

 (e.g., ‘cytokine storm’ by H5N1 avian influenza virus) 

 

3. Transformation of infected host cell 

 (e.g., activation of cell cycle progression by papillomavirus) 



Categories of pathological changes due to virus 

infections 

 Necrosis (lip sore from herpesvirus) 

 

 Inflammation (pneumonia from influenza virus) 

 

 Hyperplasia/neoplasia (pock from poxvirus) 

 

 Hypoplasia (cerebellar hypoplasia from Zika virus) 

 

 Atrophy (villus atrophy from coronavirus) 

 



Areas where pathology can contribute to virus research 

1. Elucidating pathogenesis 

 

2. Proving Koch’s postulates 

 

3. Strengthening animal models 

 

4. Diagnosis and discovery of viral diseases 

 



1. Elucidating pathogenesis 

 The pathogenesis (pathos: "disease" and genesis: "creation") of a 

disease is the biological mechanism (or mechanisms) that lead to the 

diseased state. 

 

 Much attention given to pathogenesis at level of  

 host: clinical virology 

 cell: classical virology 

 within cell: molecular virology 

 

 Pathology can help to fill gap of pathogenesis at level of 

 organ: gross pathology 

 tissue: histopathology 



Example of elucidating pathogenesis: 

Lagos bat virus infection in straw-coloured fruit bats 
(Suu-Ire, Begeman et al. 2018, PLoS Negl Trop Dis) 

 Q: Which Lagos bat virus best for lyssavirus-bat model? 

 

 Methods 

 Three strains of LBV: Senegal, Nigeria, Ghana 

 Intracranial inoculation 

 3 bats per strain 

 Virological, immunological and pathological analyses 

 

 Results 

 All bats infected and developed neurological signs 

 Fatal meningoencephalitis with lyssavirus antigen 

expression in neurons 

 Senegal and Ghana strains detected in salivary gland 



Neuroepithelial cells in taste bud (between arrows) of 

tongue express lyssavirus antigen (red granules) 



Tongue as site of lyssavirus excretion in bats? 

 Taste buds in two of five straw-coloured fruit bats virus-antigen-positive 

 

 Corresponds virus-antigen-positive tongue epithelial cells in naturally 

infected straw-coloured fruit bats (Kuzmin et al. 2008 J Clin Microbiol) 

 

 Corresponds with virus-antigen-positive tongue epithelial cells in 

lyssavirus infections of other bat species (Schatz et al. 2014, Vet Microbiol; 

Bourhy et al. 1992, J Clin Microbiol) 

 



Conclusion for LBV infection in straw-coloured fruit bats 

 Lyssavirus infections are typically thought to be excreted from salivary 

gland 

 

 Histopathological and immunohistochemical analysis of LBV-infected 

bats showed presence of virus antigen in taste buds of tongue as well 

 

 Lyssaviruses in bats might not only be excreted from the salivary gland, 

but potentially also from the tongue (Begeman et al. 2017, Lancet Infect Dis) 

 



2. Proving Koch’s postulates 

 Koch’s postulates, modified for viruses 

(Rivers 1937, J Bacteriol) 

1. Isolation of virus from diseased host 

2. Cultivation in host cells 

3. Proof of filterability 

4. Production of comparable disease in 

original host or related species 

5. Re-isolation of virus 

6. Detection of specific immune response 

to virus 
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Example, proving Koch’s postulates: 

avian paramyxovirus type 1 in humans 
(Kuiken et al. 2017 Vet Res; Kuiken et al. 2018 J Infect Dis) 



Avian paramyxovirus infection in humans usually mild 
(Capua et al. 2004 Eur J Clin Microbiol Infect Dis) 

 Usually 

 Conjunctivitis 

 Resolves within one week 

 

 Less often 

 transient fever or chills 



Rarely, avian paramyxovirus infection associated with 

severe disease 

 US case (Goebel et al. 2007) 

 adult male patient with Hodgkin’s lymphoma 

 received immunosuppressive treatment for peripheral stem cell transplant 

 died from respiratory failure 

 

 Dutch case (Kuiken et al. 2018 J Infect Dis) 

 adult female patient with multiple myeloma 

 received immunosuppressive treatment with bone marrow transplantation 

 died from respiratory failure 

 



Histopathology and virus antigen expression of lungs 
(Kuiken et al. 2018 J Infect Dis) 



Virus from both fatal human cases: 

pigeon paramyxovirus-1 (PPMV-1) 

 All PPMV-1 cluster in lineage VIb/I of 

genotype VI 

 Host specificity for columbiforms 

 rock pigeon 

 wood pigeon 

 Eurasian collared dove 

 Established in domestic and wild 

columbiforms in Europe and North 

America 

 Regularly spreads to poultry and 

causes outbreaks 

 

Miller et al. 2010 Infect Genet Evol 



Experimental PPMV-1 inoculation in cynomolgus 

macaques (Kuiken et al. 2017 Vet Res) 

 Objective: To investigate potential of PPMV-1 isolate from fatal human 

case to cause respiratory tract disease in non-human primates 

 

 Experimental protocol: 

 PPMV-1 isolate from adult female patient from Netherlands 

 ICPI: 0.238 (lentogenic) despite multibasic cleavage site 

 Three cynomolgus macaques of 3.5 years old 

 Inoculated with 1.0 x 108 TCID50 of PPMV-1 in 4.5 ml PBS 

 3 ml intratracheally, 0.5 ml in each nare, 0.25 ml on each conjunctiva 

 Observed daily 

 Euthanized at 3 dpi for pathological and virological analyses 

 



Gross pathology PPMV-1 infection, macaques 



Histopathology and virus antigen expression, 

PPMV-1 infection macaques 



Conclusion from experimental PPMV-1 infection in 

macaques 

 Koch’s postulates fulfilled: 

 PPMV-1 isolate from fatal human case comparable disease in related 

species (cynomolgus macaque) 

 PPMV-1 re-isolated from lung samples at autopsy 

 

 PPMV-1 can cause severe pneumonia in people under certain 

conditions, specifically immunosuppression 



3: Strengthening animal models for human disease 

 Definition “animal model for human disease”: A model in which a spontaneous 

or induced disease in a non-human animal can be investigated, and in which 

the disease resembles, in at least one respect, the same disease in humans. 

 

 Animal model involves much more than just the animal species. Also: 

 phenomenon to be studied 

 virus 

 route of inoculation 

 read-outs 

 

 So: “mouse model for influenza” really means “intranasal inoculation of mouse-

adapted human influenza virus into BALB/c mice as a model of fatal 

influenzaviral pneumonia in humans” 

 

 



Example, strengthening animal models: 

Intranasal inoculation of HPAIV H5N1 in ferrets as 

model for pneumonia in humans (Bodewes et al. 2011, J Virol) 

 

 Methodology: 

 vaccination and/or infection with H3N2 virus, then 

intranasal challenge with 5 x 10*6 TCID50 H5N1 

virus. 

 virological, immunological, and pathological 

analyses 

 

 Results: a mild to moderate broncho-interstitial 

pneumonia in 3/8 unprotected ferrets. 

 

 Discussion: “Although unprotected ferrets 

developed severe clinical signs, most of them did 

not develop severe pneumonia that could 

account for the loss of body weight.”  



Explanation: more severe encephalitis than pneumonia 
(Bodewes et al. 2011, Am J Pathol) 

Tissue Histological lesion 

Leptomeninges 8 

Brain  8 

Lung 3 

Spleen 0 

Liver 0 

Duodenum 0 



Looks like intranasally inoculated H5N1 enters brain 

via olfactory route (Schrauwen et al., 2012  J Virol) 

 

 

 RE 
OE 

CP 

OB: Olfactory bulb 

CP: Cribriform plate 

OE: Olfactory epithelium 

RE: Respiratory epithelium 

OB 



Comparison of pulmonary disease between intranasally 

and intratracheally inoculated ferrets 

Route of 

inoculation 

Number of 

animals with 

pneumonia 

Mean % lung 

area affected 

Mean 

histopathology 

score 

Virus titre 

(TCID*50/g) 

Intranasal 3/8 8 1.1 1.5 

Intratracheal 6/6 59 4.9 7.4 



Conclusion from H5N1 inoculation of ferrets 

 Intranasally inoculated influenza A/H5N1 virus spread directly from 

nasal cavity to brain 

 

 CNS lesions contributed more than pulmonary lesions to the 

pathogenicity of influenza A/H5N1 virus infection in ferrets. 

 

 Intranasal inoculation  is not appropriate route of inoculation to study 

influenza A/H5N1-virus-induced lower respiratory tract disease. 

 

 Intratracheal inoculation may be more appropriate 

 



4. Virus diagnosis and discovery 

 Clinical presentation of disease may be non-specific 

 

 Differential diagnosis may include many other causes than virus 

 

 Causative organism may be located in unexpected tissue 

 

 Pathological analysis is helpful to point researcher in right direction 

 Type of lesion indicates type of causative organism 

 Localisation of lesion indicates localisation of causative organism 



Example, virus diagnosis and discovery: 

Circovirus infection in wild birds 

 Multiple wild bird species, including black-headed gulls 

 

 Clinical signs included ataxia, apathy, and diarrhoea 

 

 54 birds submitted for pathologic and virologic examination 

 

 Negative virus isolation 

 

 Negative RT-PCR for flaviviruses, avian paramyxoviruses, influenza virus, 

and infectious bursal disease 

 



Histopathology: lymphocytic necrosis in lymphoid 

organs, intracytoplasmic inclusions in remaining cells 



Electron microscopy of inclusions: circovirus-like agent 



Identification of novel HA subtype (H16) 



Conclusion from circovirus infection in wild birds  

 Initial virological analyses did not result in etiology of unexplained 

mortality 

 

 Pathological analyses helped to determine 

 Affected tissues: lymphoid tissues 

 Type of pathogen involved: circovirus 

 

Additional virological analyses identified new avian circovirus of gulls 



Overall conclusions and recommendations 

 Pathology useful addition in virus research, in particular for: 

 Elucidating pathogenesis of virus infections 

 Proving Koch’s postulates 

 Strengthening animal models for human disease 

 Diagnosis and discovery of virus diseases 

 

 Recommend to 

 Include extensive and standard set of samples for pathological analyses 

 Collect samples at appropriate time point (~peak of virus infection) 

 Gain basic knowledge of histology and pathology for virus under study 

 Seek collaboration with pathology expert 

 

 




