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ABBREVIATIONS 
 

ACE  Angiotensin-converting enzyme 

AH  Absolute humidity 

ARDS  Acute respiratory distress syndrome  

Ct  Cycle threshold 

ED  Emergency department 

GE  Gastroenteritis 

HAdV  Human adenovirus 

HAstV  Human astrovirus 

HCoV  Human coronavirus 

HFNO High Flow Nasal Oxygen 

IgG Immunoglobulin G 

LMWH  Low-molecular-weight heparin 

MERS-CoV  Middle East respiratory syndrome 
 coronavirus 

NPH Nasopharynx 

NPV Negative predictive value 

PPV Positive predictive value 

RH Relative humidity 

SARS-CoV Severe acute respiratory syndrome coronavirus 

VP Viral protein  
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DEFINITIONS IN SHORT 

Antigenic drift An accumulation of minor mutations  in viral 
genes that can lead to changes in the surface 
proteins of the virus 

 
Charlson Comorbidity A weighted index to predict the risk of 
Index death within one year of hospitalization for 

patients with specific comorbid conditions 
 
Clade A group of organisms or viruses that are 

composed of a common ancestor and all its 
lineal descendants 

 
Detection rate The number of positive tests per time unit (In 

paper III, positive tests per week) 
 
Diarrhea The passage of three or more loose or liquid stools 

per day 
 
Enteroid An organoid derived from the small intestine See 

organoid 
 
Fomite An object that can enable transmission of 

pathogens 
 
Herd immunity Resistance to the spread of an infectious 

disease within a population that is based on 
pre-existing immunity of a high proportion of 
individuals as a result of previous infection or 
vaccination 

 
Organoid A mass of cells, either artificially grown in vitro 

to simulate an organ or an abnormal mass 
that resembles an organ in structural 
appearance or qualities (In this thesis, the 
former is implied)  

 
Positivity rate The percentage of all tests performed that 

are actually positive (sometimes called 
“percent positive” or “percent positive rate”) 

 
Viral shedding When a virus is released from an infected host 
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personnel. As an unwritten rule, it ‘prohibited the shooting of men while 
they were attending to urgent calls of nature.’ However, if the soldiers had 
‘the guts’ to fight, meaning not having diarrhea, glory was an achievable 

diarrheal outbreaks. ‘Summer diarrhoea’ was 

Entamoeba histiolytica Shigella dysenteriae

the cause of ‘Winter vomiting disease’ 
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Figure 1. Phylogenetic classification of noroviruses based on VP1 amino acid 
sequences into ten norovirus genogroups and two non-assigned (NA) 
genogroups. Genogroup II.4, responsible for most human infections, is circled 
in blue. Newly identified genogroups are labelled in red (reprinted and 
modified with permission Chhabra et al., Journal of General Virology 2019 [8]. 

Thomas Beck-Friis 

Figure 2. Norovirus capsid structure. The left side shows the layered calyx-
formed outline of the three domains of norovirus viral protein 1 (VP1). The 
right side shows the ribbon formation of the 90 dimers composing the viral 
capsid. The dashed box represents the histo-blood group antigen binding 
site. Reproduced with permission from Glass et al., NEJM 2009 [10]. 
Copyright Massachusetts Medical Society. 
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2.2 ROTAVIRUS 

2.2.1 Basic virology 

Figure 3. Rotavirus structure. The three capsid layers composed by VP2 (blue inner capsid), 
VP6 (green middle capsid), VP7 and VP4 (outer blue capsid and orange spike proteins, 
respectively) [26]. 
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Figure 4. Cross-section of Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
spike protein structure. The spike protein consists of two subunits, S1 and S2. The ACE2 
receptor binding domain (RBD) and the N-terminal domain are located on S1. The fusion 
protein, the two heptapeptide repeat sequences (HR1 and HR2) and the transmembrane 
domain (T.A. and I.T.) make up the S2 domain [26]. 
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Figure 5. Suggested mechanisms of Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) intestinal infection. 1) SARS-CoV-2 enters the cell by binding of the spike protein to 
Angiotensin-converting enzyme 2 (ACE2). Host cell transmembrane serine protease 2 
(TMPRSS2) cleaves the S protein and the cell membrane fuses with the viral membrane. SARS-
CoV-2 genomic RNA is released into the cytoplasm. 2) Viral replication. 3) SARS-CoV-2 
infection activates an interferon-mediated immune response. 4) Lymphocytes and 
inflammatory cells infiltrate intestinal cells. 5) SARS-CoV-2 infection alters the gut 
microbiota. Reprinted with permission from Guo  et al. Potential intestinal infection and 
fecal-oral transmission of SARS-CoV-2. Nature Reviews Gastroenterology & Hepatology. 
2021;18(4):269–83.  

 

Thomas Beck-Friis 

2.3.5 Epidemiology 

2.3.6 Immunology 

2.4 ADENOVIRUS 



On gastrointestinal viral infections 

Figure 5. Suggested mechanisms of Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) intestinal infection. 1) SARS-CoV-2 enters the cell by binding of the spike protein to 
Angiotensin-converting enzyme 2 (ACE2). Host cell transmembrane serine protease 2 
(TMPRSS2) cleaves the S protein and the cell membrane fuses with the viral membrane. SARS-
CoV-2 genomic RNA is released into the cytoplasm. 2) Viral replication. 3) SARS-CoV-2 
infection activates an interferon-mediated immune response. 4) Lymphocytes and 
inflammatory cells infiltrate intestinal cells. 5) SARS-CoV-2 infection alters the gut 
microbiota. Reprinted with permission from Guo  et al. Potential intestinal infection and 
fecal-oral transmission of SARS-CoV-2. Nature Reviews Gastroenterology & Hepatology. 
2021;18(4):269–83.  

 

Thomas Beck-Friis 

2.3.5 Epidemiology 

2.3.6 Immunology 

2.4 ADENOVIRUS 



On gastrointestinal viral infections 

2.5 ASTROVIRUS 

2.6 SAPOVIRUS 

Thomas Beck-Friis 



On gastrointestinal viral infections 

2.5 ASTROVIRUS 

2.6 SAPOVIRUS 

Thomas Beck-Friis 



Laboratory
Methods

Thomas Beck-Friis 

3 LABORATORY METHODS  

3.1 POLYMERASE CHAIN REACTION (PCR) 

Figure 6. Polymerase chain reaction [26]. 

(≈ ˚



Thomas Beck-Friis 

3 LABORATORY METHODS  

3.1 POLYMERASE CHAIN REACTION (PCR) 

Figure 6. Polymerase chain reaction [26]. 

(≈ ˚



On gastrointestinal viral infections 

3.2 SEQUENCING 

Thomas Beck-Friis 

3.3 PHYLOGENETICS 



On gastrointestinal viral infections 

3.2 SEQUENCING 

Thomas Beck-Friis 

3.3 PHYLOGENETICS 



On gastrointestinal viral infections Thomas Beck-Friis 



On gastrointestinal viral infections Thomas Beck-Friis 



Meteorological
Factors

Thomas Beck-Friis 

4 METEOROLOGICAL FACTORS 

4.1 HUMIDITY 



Thomas Beck-Friis 

4 METEOROLOGICAL FACTORS 

4.1 HUMIDITY 



On gastrointestinal viral infections 

ρ
e ρ

Thomas Beck-Friis 

Figure 7. The effect of changing temperature on absolute humidity and relative humidity. The 
air capacity of holding water increases with temperature. Relative humidity is temperature-
dependent whereas absolute humidity remains practically unchanged [26]. 
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year study period, 159 patients age≥60 were hospitalized with a positive 

7.2.1 Morbidity and mortality 

Figure 10. Characteristics of patients ≥60 years hospitalized with rotavirus infection 
(N=159). Colored patients represent immunosuppressive therapy (pink), Charlson 
comorbidity index ≥5 (green), and death within 30 days after rotavirus sampling (red). 
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Figure 11. Overall distribution of rotavirus genotypes by year in 159 patients, 60 years or 
older, hospitalized with rotavirus gastroenteritis during the seven-year study period. Ten 
samples, with high average Ct-values, were untypable.
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7.3 RESULTS AND DISCUSSION PAPER III 

7.3.1 Seasonal variation of gastroenteritis viruses 

Figure 12. Yearly detection rates of six gastrointestinal viruses, detected with real-time PCR, 
across seven consecutive years 2010-2016 (n=7337). 
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7.3.2 Weather factors and gastroenteritis virus detection 

Figure 13. Weekly detection rate of norovirus genogroup II (light blue) and rotavirus 
(green) infections in relation to average weekly outdoor absolute humidity (pink line, g 
H2O/m3, right axis); across the seven-year study period (2010-2016).  
 

p

p
p



On gastrointestinal viral infections 

7.3 RESULTS AND DISCUSSION PAPER III 

7.3.1 Seasonal variation of gastroenteritis viruses 

Figure 12. Yearly detection rates of six gastrointestinal viruses, detected with real-time PCR, 
across seven consecutive years 2010-2016 (n=7337). 

Thomas Beck-Friis 

7.3.2 Weather factors and gastroenteritis virus detection 

Figure 13. Weekly detection rate of norovirus genogroup II (light blue) and rotavirus 
(green) infections in relation to average weekly outdoor absolute humidity (pink line, g 
H2O/m3, right axis); across the seven-year study period (2010-2016).  
 

p

p
p



On gastrointestinal viral infections 

7.3.3 Humidity drop and epidemic onset 
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*p<0.001. GII = genogroup II. AH = Absolute humidity. Adj R2 = Adjusted R2. Coeff = Beta 
coefficient.  
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7.4 RESULTS AND DISCUSSION PAPER IV 

7.4.1 Patient factors and severity of disease 

a Sum (%). b Mean value  standard deviation. c Pearson Chi-square Test. d Kruskal-Wallis 
Test. NS = Not significant. 
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Figure 14. Relationship between cycle threshold (Ct) values and severity of disease. Ct 
values, with a maximum of 45 cycles, were derived from PCR analyses for SARS-CoV-2 RNA 
in nasopharyngeal (blue triangles) and stool (red circles) samples acquired from 112 
hospitalized patients with COVID-19 from March 2021 through May 2021. Severity of 
disease was categorized as Moderate (N = 55, non-High Flow Nasal Oxygen (HFNO)-
dependent), Severe (N = 33, HFNO-dependent), and Critical (N = 24, Intensive Care-
dependent) (13). Lines represent medians. 
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Figure 15. Neighbor joining tree based on 3822 nucleotides of SARS-CoV-2 spike protein 
gene of consensus sequences from fecal samples, NPH-samples and selected sequences from 
Genbank. Strains are named with Genbank accession number, country of origin and year of 
collection. F fecal sample (red); N NPH sample (blue).  
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