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Global mortality cases caused by Rotavirus before 
and after vaccine introduction

Glass and Parashar NIH, 2005; Tate et al. Clin Infect Dis, 2016

Post-vaccine introduction era
Responsible for 215,000 rotavirus - associated 

deaths

Pre-vaccine introduction
Responsible > 500,000 rotavirus-associated 

deaths

Rotarix™, RotaTeq™
Rotavac™, 
RotaSiil™



Rotavirus vaccine effectiveness in Malawi

• Rotavirus vaccination is highly cost-effective in Malawi. 
Bar-Zeev et al. Clin Infect Dis 2016, Tate et al. NEJM, 2018

• Rotarix vaccination is effective in preventing severe rotavirus diarrhoea
episodes among infants (>60%), with population incidence of rotavirus 
hospitalisations reduced by 43%. 

Bar-Zeev et al. Lancet, 2015; Bar-Zeev & Jere et al. CID, 2016; Bennet et al Vaccine, 2018

• Rotavirus vaccination reduced infant diarrhoea deaths by a third in rural 
Malawi (34%). Bar-Zeev et al Lancet Global Health, 2018

• Vaccine protects against some unusual strains. 
Jere et al. J Virol, 2018; Jere et al. Emerg Infect Dis 2019



Unanswered questions?

• Why rotavirus vaccines underperform in low-middle 
income settings (<60% VE) compared to high income 
countries (>90% VE)?

• Why certain children respond better to rotavirus 
vaccine than others?

• What are the rotavirus-related innate and adaptive 
immune responses in humans?



Rotavirus immunology:
innate and adaptive immune responses?

• IgA used as proxy of vaccine take and response to natural 
infection. 

• B and T cell  not fully understood.  

• Cytokine response described in natural rotavirus infections but 
not exclusive in vaccinated individuals.

Patel et al. J Infect Dis, 2009; Estes & Greenberg Fields Virology, 2013; Parker et al. Nat Commun 2021



Role of cytokines in rotavirus infection

• Responses to rotavirus pathogenesis and immunity: IFN-y (Th1 response), 
IL-2, IL-12 (Th2 response), IL-4, IL-6 and IL-10 (Th3 response) cytokines. 

• Stimulation of the immune response, inhibiting rotavirus binding and/or 
replication (Th1 and Th2 groups of cytokines). 

• Plays immunomodulatory function to reduce rotavirus-associated 
diarrhoea and enhances immune responses in experimental rotavirus 
infection (Th1/Th2 cytokine responses).  

• Understanding of cytokine-induced immune responses to viral infection 
and vaccination is required.

Azim et al J Med Virol 2003; Ghandhi et al Cytokines, 2013. 



• Define the cytokine profile in rotavirus vaccine responders 
and non-responders. 

• Identify cytokines that could predict response to rotavirus 
vaccination.

• Identify cytokines that could potentially be used as potential 
vaccine adjuvants.

Study objectives



Materials and Methods



Timelines for immunisation and sample collection at Chilomoni Health 
Centre (CHC), Blantyre

Study Design

X
Breast milk
Maternal blood



Laboratory assays and Data analysis

• VP6 and Rotarix-specific NSP2 RT-PCR assays were used to 
detect exposure to wildtype rotavirus and Rotarix vaccine 
shedding, respectively.

• ELISA was used to quantify rotavirus specific IgA and IgG.

• Luminex was used to quantify cytokine levels (Milliplex Human 
Cytokine/Chemokine Magnetic Bead Premixed 38- Plex Kit, 
Merck Life Sciences, UK).

Iturriza-Gomara et al. J Virol 2002; Estes & Greenberg Fields Virology, 2013 
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• EGF

• FGF-2

• TGF-A

• GCSF

• GM CSF

• IL3
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• VEGF
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• IL-4

• IL-5

• IL-9

• IL-12P40
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• IL-IRA
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• IL-1A

• IL-1B

• IL-6

• TNF-A

• sCD40L

Cytokine groups



Findings and Discussion



Low seroconversion and low Rotarix (RV1) vaccine 
virus shedding

Proportion of seropositive infants following Rotarix vaccination Rotarix vaccine shedding post dose 1 and 2

N = 9

N = 40



Clinical Characteristics of the study participants



Interferon; IL; interleukin; IP: interferon-γ-inducible protein; MIP: macrophage inflammatory protein; MCP: monocyte chemoattractant protein; GM-CSF: 
granulocyte–macrophage colony-stimulating factor; TGF: transforming growth factors; EGF: epidermal growth factors; FGF: Fibroblast growth factors; 

VEGF: vascular endothelial growth factors; G-CSF: granulocyte-colony stimulating factor. 

Vaccine responders had significantly elevated levels of growth factors and 
most chemokines prior to vaccination



Vaccine responders had elevated levels in some adaptive and pro-
inflammatory but not anti-inflammatory cytokines

Interferon; IL; interleukin; IL1-RA: IL-1 receptor antagonist; Tumor necrosis factor: TNF; Soluble CD40 ligand: sCD40L



Distinct cytokine profiles in children who seropositive and shed rotavirus (IgA+

shedders) compared to IgA- shedders and IgA- nonshedders prior to vaccination 

Normalised Cytokine Heatmap 



Correlogram: Cytokine interaction was positively correlated in rotavirus vaccine responders and mostly 
negatively correlated in poor vaccine responders.



Network graphs associations among 38 plasma cytokines for  seronegative nonshedders (IgA-/RV1-), 
seronegative shedders (IgA-/RV1+) and seropositive shedders (IgA+/RV1+). The shorter the 

connecting line between the circles, the greater the magnitude of the correlation



Cytokine networks driven by GM-CSF, INF-gamma and IL-15 were correlated with 
better responses to rotavirus vaccine.

n=42

n=33

n=36

n=32

n=36

n=42

Degrees of associations among 38 plasma cytokines for  seronegative nonshedders (IgA-/RV1-), 
seronegative shedders (IgA-/RV1+) and seropositive shedders (IgA+/RV1+) children. 



Scree plot demonstrating that 9 cytokines explains almost 80% of the variations 
observed between the cytokine profiles of IgA+ shedders, IgA- shedders and IgA-

nonshedders



Random forests analysis to predict cytokines associated with seropositivity and rotavirus 
vaccine shedding

• Pre-existing IL-7
before receipt of 
rotavirus vaccine is 
associated with poor 
vaccine response. 

• High levels of FGF, 
MCP-3, IL-17A and 
GM-CSF are 
associated with better 
vaccine response. 



Study confounders:
High levels of rotavirus specific maternal antibodies

Inverse relationship between maternal 
IgG and IgA



Conclusions
 Children who respond to rotavirus vaccine have distinctive 

cytokine profiles.

 IL-7, FGF, MCP-3, IL-17A and GM-CSF are important cytokines 
that could be used to predict rotavirus vaccine response in 
children prior to vaccination.

 The identified growth factors and chemokines could be used as 
adjuvants in the formulation of next generation rotavirus vaccines 
as in other pathogens.
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Data analysis

• xPONET and Millipore Belysa curve fitting software was used to 
normalise Luminex data (Merck Life Sciences, UK).

• GraphPad Prism was used to analyse cytokine variations between 
vaccine responders and non-vaccine responders (ANOVA) on normally 
distributed data and non-parametric test on data that was not normally 
distributed. Significance differences were calculated using Tukey and 
Dunn’s test.

• R used to generate cytokine networks, heatmaps, random forest 
analysis 
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