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MERS-CoV‒Specific T-Cell Responses in 
Camels after Single MVA-MERS-S 

Vaccination 
Appendix 

Materials and Methods 

Vaccine Candidate 

The vaccine candidate used in this proof-of-concept study is MVA-MERS-S, a 

recombinant Modified Vaccinia Virus Ankara, as a safe vaccine platform expressing the full-

length MERS-CoV spike (S) protein. As described by Song et al. (1), the vaccine candidate was 

constructed as follows: cDNA with the whole gene sequence of MERS-CoV-S was provided by 

performing DNA synthesis (Invitrogen Life Technology, Regensburg, Germany) and modified by 

inserting silent mutations for vaccinia virus transcription. The MERS-CoV-S coding sequences 

were integrated into a MVA vector plasmid under the transcriptional control of the vaccinia virus 

early/late promoter PmH5. For selection of the correctly constructed recombinant MVA-MERS-

S, the fluorescent marker gene mCherry was also placed in the MVA vector plasmid (under 

transcriptional control of the vaccinia virus late promoter P11). The MVA vector plasmid was 

further inserted into the deletion site Del III in the MVA genome by homologous recombination. 

The fluorescent marker protein mCherry introduced while cloning enabled d isolation of 

recombinant MVA-MERS-S by using fluorescence. The mCherry marker was removed by 

marker gene deletion using repetitive sequences. To further characterize the vaccine candidate, 

PCR analysis and multiple-step growth analysis were performed, confirming the genetic integrity, 

stability and safety of MVA-MERS-S. 
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MVA-Based Vaccination in Dromedary Camels in Dubai 

Adult dromedary camels (n = 12) from the Central Veterinary Research Laboratory in 

Dubai, UAE were housed in different enclosures and had unlimited access to water and food. All 

of the animals underwent a comprehensive general examination and showed healthy general 

clinical conditions. The animals were immunized with an intramuscular single-shot-vaccination 

of 2.5 × 108 PFU/2 mL. Eight of the twelve animals were vaccinated with the recombinant MVA-

MERS-S and the other four animals with the non-recombinant MVA as a viral vector control. 

IgG ELISA 

Serum samples from the selected dromedary camels were collected on the day of 

vaccination and 15 days post vaccination. MERS-CoV seroprevalence was analyzed by using the 

Anti-MERS-CoV-ELISA Camel (IgG) kit from EUROIMMUN. The commercial ELISA kit is 

based on the MERS-CoV S1 subunit as described by Drosten et al. (2). Diluted serum samples 

(1:101 in sample buffer) were first incubated at 37°C for 30 minutes in microplate wells coated 

with recombinant structural MERS-CoV S1 protein. For detection, an enzyme-labeled anti-camel 

IgG was then added to the wells in a second incubation step (37°C, 30 minutes). Color-coded 

substrate was finally added to the wells for 15 minutes at room temperature leading to a color 

reaction. In between, wash steps were included. The extinction value was measured at OD 450 

nm light and semiquantitative evaluations were performed by using the ratio values (sample value 

extinction over calibrator value extinction). As recommended by EUROIMMUN, a ratio <0.8 

was set as a negative result and a ratio ≥1.1 as positive. 

Enzyme-Linked Immunospot (ELISpot) 

Peripheral blood mononuclear cells (PBMCs) were isolated from EDTA blood directly 

after sampling by density gradient centrifugation on day 0, 2, 4, 6, 8, 10, 15 and 22 post 

vaccination and stored frozen. Later on, samples from different timepoints from individual 

camels were quickly thawed at 37°C, washed, and resuspended in RPMI 1640 medium (SIGMA-

ALDRICH, Taufkirchen, Germany) supplemented with 10% heat inactivated FCS, 1% Penicillin-

Streptomycin, 1% non-essential amino acids and 1% vitamins. The cells were counted with the 

TC20 Automated Cell Counter (Bio-Rad Laboratories, Feldkirchen, Germany) and 3x105 live 

PBMCs per well were seeded into 96-well round bottom plates (Sarstedt, Nümbrecht, Germany) 

before adding the stimulants. For PBMC stimulation, peptides that can directly bind to MHC I 

and MHC II molecules on the APC surface were used as an established method for stimulating 



 

Page 3 of 4 

both CD8 and CD4 T cells. We used two different peptide pools from the S1 and S2 domains 

comprising 168 overlapping peptides each (1µg peptide/ml RPMI 1640) providing the whole 

spike glycoprotein of MERS-CoV (JPT Peptide Technologies, Berlin, Germany). Each peptide 

consists of 15 aa (15-mers) overlapping in 11 aa with the following peptide (Supplemental Figure 

1). PBMCs stimulated with phorbol myristate acetate and ionomycin (SIGMA-ALDRICH, 

Taufkirchen, Germany) and non-stimulated cells were used as positive and negative controls. The 

cells were then transferred onto PVDF membrane plates previously coated with mouse anti-

bovine IFN-γ monoclonal antibody (bIFNγ-I; Mabtech, Nacka, Sweden) and incubated for 24 

hours at 37°C. After removing the inoculate, biotinylated mouse anti-bovine IFN-γ monoclonal 

antibody (PAN), streptavidin-ALP and BCIP/NBT-plus substrate were added onto the ELISpot 

plates in this order with washing steps in between. For scanning and counting the spots we used 

the automated ELISpot Reader ImmunoSpot S6 ULTIMATE UV Image Analyzer (Immunospot, 

Bonn, Germany) and ImmunoSpot 7.0.20.1 as the reader software version. 
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Appendix Figure. Protein sequence of MERS-CoV spike (S) protein used for PBMC stimulation. The 

MERS-CoV spike glycoprotein comprises 1353 aa (aa) with two domains, S1 (underlined in yellow) and 

S2 (underlined in blue). For camel PBMC stimulation, two peptide pools (S1 and S2), consisting of 168 

overlapping peptides each, were derived from the MERS-CoV S protein sequence. Each single peptide 

consists of 15 aa (15-mers) overlapping in 11 aa with the following peptide. 
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