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Case Report 

Resistance towards ChadOx1 nCoV-19 in an 83 Years Old 

Woman Experiencing Vaccine Induced Thrombosis with 

Thrombocytopenia Syndrome 
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Abstract: Background: in this report, we describe the case of an 83-year-old woman vaccinated with 

ChadOx1 nCoV-19 who developed a so-called vaccine-induced thrombosis with thrombocytopenia 

syndrome and who did not develop any antibodies against the spike protein of SARS-CoV-2 at 30 

days following the administration of her first dose of ChadOx1 nCoV-19. Experimental section: two 

serum samples from the patient and 5 serum samples from 5 control individuals having received 

the two-dose regimen vaccination with ChadOx1 nCoV-19 were evaluated. In order to investigate 

the lack of response to the vaccination, a cell model was developed. This model permits to evaluate 

the interaction between responsive cells (A549) possessing the Coxsackievirus and Adenovirus Re-

ceptor (CAR), a defined concentration of ChadOx1 nCoV-19 and serial dilution of the patient or the 

control serum. The aim was to assess the impact of these sera on the production of the spike (S) 

protein induced by the transfection of the genetic material of ChadOx1 nCoV-19 into the A549 cells. 

The S protein is measured in the supernatant using an ELISA technique. Results: interestingly, the 

serum from the patient who developed the vaccine-induced thrombosis with thrombocytopenia 

syndrome impaired the production of S protein by the A549 cells transfected with ChadOx1 nCoV-

19. This was not observed with the controls who did not interfere with the transfection of ChadOx1 

nCoV-19 into A549 cells since the S protein is retrieved in the supernatant fraction. Conclusion: 

based on the data coming from the clinical and the cell model information, we found a possible 

explanation on the absence of antibody response in our patient. She has, or has developed, charac-

teristics that prevent the production of the S protein in contrast to control subjects. We were not able 

to investigate the entire mechanism behind this resistance which deserve further investigations. A 

link between this resistance and the development of the thrombosis with thrombocytopenia syn-

drome following vaccination with ChadOx1 nCoV-19 cannot be excluded. 

Keywords: resistance; vaccine; adenovirus; SARS-CoV-2; diagnostic 

 

1. Introduction 

The use of adenoviruses to develop vaccination strategies has been known for almost 

20 years [1]. The use of these viral vectors is ideal for vaccine therapy due to their ability 

to induce innate immunity and adaptive immunity in the host [1] adenoviruses generate 

a strong immune response. The pathway they are assumed to use to activate the immune 
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system is certainly one involving the expression of so-called pathogen-associated molec-

ular patterns (PAMPs). PAMPs bind to pathogen recognition receptors on the cells of the 

host, including those of the innate immune system, thereby initiating the production of 

proinflammatory cytokines and the differentiation of immature dendritic cells into pro-

fessional antigen-presenting cells [2]. In addition, adenoviruses infect cells and release the 

gene product encoding the antigenic proteins that enable their production inside the host 

cell [3]. While human adenoviruses are the non-replicating viral vectors most commonly 

used in the development of the SARS-CoV-2 vaccine, pre-existing immunity to the viral 

vector may interfere with the induction of immunity, particularly after repeated doses [3]. 

Pre-existing immunity may reduce the capacity of the virus to enter the human cell, re-

ducing the ability of the vaccine to induce a strong immune response. Such phenomenon 

is more frequently described with human adenoviruses, an example being demonstrated 

by the failure of the Ad5-nCoV (CanSino®  , CanSino Biological Inc., Beijing Institute of Bi-

otechnology, Beijing, China) to generate high antibody response in the subjects which had 

pre-existing antibodies against Ad5 [4]. Pre-existing humoral immunity is correlated to 

poor transgene expression and a diminished CD8 T cell response against the desired an-

tigen [5–7]. As the majority of anti-Ad5 neutralizing Abs (NAbs) are directed against the 

major coat protein hexon, more specifically its solvent-exposed hypervariable regions 

(HVRs), and as this hexon is not involved in the coxsackie and adenovirus receptor (CAR)-

dependent entry mechanism that Ad5 uses, the neutralizing effect is unlikely to involve 

classical entry blocking [8,9]. Recent investigations postulates that the cytosolic receptor 

TRIM21 could be involved via a mechanism that is still not well understood [10]. 

In order to overcome this risk, chimpanzee adenovirus modified to contain a frag-

ment of the genetic material of the targeted pathogen has been proposed as alternative to 

these human adenoviruses [11,12]. ChadOx1 nCoV-19 is an adenovirus-based vaccine 

against SARS-CoV-2 developed by Astrazeneca (Cambridge, UK), in collaboration with 

the Oxford University. It is distributed worldwide under the brand name of Vaxzevria®  

(Astrazeneca, Cambridge, UK) [11]. 

Once infected by the adenovirus, human cells produce the SARS-CoV-2 spike protein 

(S) and secrete it outside the cells to trigger an immune response [11,12]. The secreted 
spike protein is detected by antigen presenting cells which, after the recruitment of T-

helper cells and the subsequent stimulation of B lymphocytes, stimulate the production 
of antibodies directed against the spike protein [13]. The spike protein is responsible for 
the adhesion and the fusion of SARS-CoV-2 with the cell host and therefore antibodies 
which can target the spike protein have the potential to neutralize the entry of the virus 
into human cells [3]. Importantly, only cells presenting at their surface the receptors 
needed for the entry of the adenovirus are potentially able to integrate the DNA of SARS-

CoV-2 into their cytoplasm. In the case of ChadOx1 nCoV-19, cells need to carry the CAR 
receptor onto their surface to interact with the viral vector [14,15]. Nevertheless, although 
the strategy of using chimpanzee adenoviruses may reduce immune response failure fol-

lowing vaccination, the phase 2/3 trial with ChadOx1 nCoV-19 revealed that such pre-

existing or acquired anti-vector immunity exists and it may reduce the efficacy of the vac-

cine since it negatively correlates with the anti-spike total IgG [16]. The models for evalu-

ating the innate or acquired resistance towards adenoviruses viral vector mainly relies on 
models assessing secreted alkaline phosphatase, but they are not able to capture the whole 
complexity of the immunity response against the viral vector and its capacity to transfer 
the targeted gene.

In this case-report, we further investigate the case of an 83-year-old woman vac-

cinated with ChadOx1 nCoV-19 who developed a vaccine-induced thrombosis with 

thrombocytopenia syndrome (TTS) [17]. Interestingly, on top of her TTS, she did not de-

velop an antibody response against the spike protein of SARS-CoV-2 following the ad-

ministration of her first dose of ChadOx1 nCoV-19. 
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2. Experimental Section
2.1. Sample Collection and Handling 

Blood samples were collected into serum-gel tubes (BD Vacutainer 8.5 mL tubes, 

Bec-ton Dickinson, Franklin Lakes, NJ, USA) or lithium-heparin plasma tubes (BD 

Vacu-tainer 4.0 mL tubes, Becton Dickinson, Franklin Lakes, NJ, USA) according to 

standard-ized operating procedure and manufacturer recommendations. Two sera 

from the 83-year-old woman vaccinated with ChadOx1 nCoV-19 vaccine were 

collected on the 14th and the 15th day after vaccination. Five sera from 5 individuals 

doubly vaccinated with 

ChadOx1 nCoV-19 vaccine were collected on 14 July 2021. The timing of the collection is 

30 to 35 days after the administration of the second dose. 

2.2. Patient and Controls Description 

A complete description of this case has been reported previously for the VITT event 

[17]. Briefly, an 83-year-old woman presented at the emergency room with an alteration 

of her general condition. She presented with symptoms of weakness, nausea, vomiting, 

weight loss and spontaneous bruises without any obvious reason, 14 days after having 

received her first dose of ChadOx1 nCov-19. Oxygen saturation was 98% at admission 

and the patient was tested negative for SARS-CoV-2 infection as assessed by reverse-tran-

scriptase polymerase chain reaction (RT-PCR). 

The diagnosis of VITT was confirmed using a heparin-induced multi-electrode ag-

gregometry method and the measurement of anti-PF4 IgG antibodies [18]. In the face of 

the clinical picture, i.e., thrombocytopenia and thrombosis, with the presence of anti-PF4 

antibodies and positive platelet activation tests within 30 days after vaccination with Cha-

dOx1 nCov-19, VITT was diagnosed [19]. 

Unfortunately, the clinical status worsened on day 12 post-admission with a de novo 

reduction of platelet count, and she died on day 14 from cardiovascular collapse. 

The controls used in this study were individuals having received two-doses of Cha-

dOx1 nCoV-19 vaccine. This population included 4 women and 1 man. The median age 

was 24.5 years (min-max: 23–26 years). 

2.3. Analytical Procedures 

The response to the vaccine in control individuals was evaluated through the meas-

urement of binding antibodies against the RBD of the S1 subunit of the SARS-CoV-2 spike 

protein using the Elecsys Anti-SARS-CoV-2 S assay that measured total antibodies (Roche 

Diagnostics) with a positivity cut-off of 0.8 BAU/mL. Additionally, total antibodies against 

the SARS-CoV-2 NCP (Roche Diagnostics) were measured using the Elecsys Anti-SARS-

CoV-2 assay. Results above 0.165 cut-off index were considered positive [20]. These anal-

yses were performed on a cobas 801. 

A cellular model for assessing resistance to the ChadOx1 nCoV-19 in the Vaxzevria®  

vaccine was developed. This test is based on the detection of the production of the spike 

protein (S protein) induced by ChadOx1 nCoV-19 (lot number: ABW4805) in the superna-

tant fraction of cells transfected by the adenovirus (Figure 1). 
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Figure 1. The schema of the mechanism of action of the Vaxzevria®  vaccine and the consequences 

of prior immunization against ChadOx1 nCoV-19. In this figure the different stages of the response 

to Vaxzevria®  vaccine can be distinguished. This response starts with the injection and interaction 

of ChADOx1 nCoV-19 with cells expressing the CAR protein. This is followed by an intracellular 

process leading to the production and secretion of protein S. This S-protein outside the cells will be 

recognized by the immune system allowing the production of anti-S antibodies. In the case of pre-

existing immunity to ChADOx1 nCoV-19, the antibodies present will prevent interaction with cells 

expressing the CAR protein, leading to a lack of response to the Vaxzevria®  vaccine. 

The model is then exposed to the serum of the tested patient. In presence of elements 

impairing the infection of the cells by ChadOx1 nCoV-19 as anti-adenovirus antibodies or 

other elements present in the serum to prevent the action of the adenovirus, the produc-

tion of the S protein in the supernatant is reduced or abolished. Briefly, A549 cells (human 

lung adenocarcinoma cell line) were dispensed into a 24-well plate at an optimal concen-

tration to achieve confluence without excessive cell death. This cell mat was then placed 

with a fixed amount of ChadOx1 nCoV-19 vaccine and a progressive dilution of the pa-

tient’s or control’s serum (dilutions ranging from 1/4 to 1/1024). The plate was then left 

for 7 days at 37 °C and 5% of CO2 in a calibrated incubator. Measurement of the amount 

of S protein present in the supernatant after 7 days of incubation was performed using an 

ELISA from Active Motif kit targeting total S protein (lot number: 38220000, Active Motif, 

Carlsbad, CA, USA). This kit enables measurement of protein S concentrations ranging 

from 2 ng/mL to 150 ng/mL. The absorbance of the test solution was carried out on the 

Spectramax 3ID (Molecular Devices, San Jose, CA, USA). The summary of the protocol is 

shown in Figure 2. 
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Figure 2. A summary diagram of the handling protocol. 

2.4. Statistical Analysis 

Mean and 95% confidence intervals (95% CI) were used for descriptive statistics. A 

data analysis was performed using GraphPad prism software (version 8.2.1, San Diego, 

CA, USA). 

3. Results 

The controls all have positive anti-SARS-CoV-2 S protein antibodies titers with a 

mean titer of 2427 AU/mL (95% CI: 1581 AU/mL–6434 AU/mL) and negative anti-NCP 

antibodies titers. The results for the serum analysis of the patient not responding to 

Vaxzevria®  are presented in Table 1. 

Table 1. The absorbance result obtained at D0 and D1 for the patient according to the serum dilu-

tions. 

Sample Dilution Factor Sample D0 Absorbance Sample D1 Absorbance 

1/4 0.07 0.07 

1/8 0.07 0.07 

1/16 0.06 0.08 

1/32 0.06 0.08 

1/64 0.06 0.07 

1/128 0.08 0.06 

1/256 0.07 0.06 

1/512 0.08 0.08 

1/1024 0.07 0.07 

The absorbance does not vary according to the serum dilution and remains between 

0.06 and 0.08. These values were below the limit of quantification (LOQ) of the ELISA 

assay (LLOQ = 2 ng/mL) and did not allow the calculation of a protein S concentration in 

the supernatant. The results obtained with the controls provide mean concentrations for 

the different serum dilutions ranging from 21.60 ng/mL (95% CI: 17.20 ng/mL–26.00 

ng/mL) to 24.52 ng/mL (95% CI: 17.23 ng/mL–31.81 ng/mL) (Table 2). The overall mean 

for the Vaxzevria®  control group is 23.10 ng/mL (95% CI: 22.31 ng/mL–23.89 ng/mL). 
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Table 2. The concentration of protein S in the supernatant obtained for the different dilutions of the 

Vaxzevria®  controls sera. 

Sample Dilution Factor 

VAXZEVRIA  

Double-Vaccinated Patients 

Mean Concentration (ng/mL) 

1/4 
24.52 

(95% CI: 17.23–31.81) 

1/8 
23.36 

(95% CI: 17.00–29.71) 

1/16 
24.28 

(95% CI: 17.21–31.35) 

1/32 
21.98 

(95% CI: 14.82–29.13) 

1/64 
22.71 

(95% CI: 14.24–31.19) 

1/128 
22.81 

(95% CI: 16.15–28.99) 

1/256 
22.57 

(95% CI: 16.15–28.99) 

1/512 
21.60 

(95% CI: 17.20–26.00) 

1/1024 
24.06 

(95% CI: 18.16–29.96) 

Overall mean 

(ng/mL) 

23.10 

(95% CI: 22.31–23.89) 

4. Discussion and Conclusions 

It has been demonstrated that A549 cells are highly transfectable cells for adenovi-

ruses such as ChadOx nCoV-19, which is in line with other studies such as those of Zhong 

et al. [21,22]. Based on this information, and on the results obtained, it can be assumed 

that the clinical case presented in this paper developed a form of immunity against the 

adenovirus used in the ChadOx1 nCoV-19 vaccine. Indeed, when her serum was used in 

the vaccine cell model, an absence of S protein production was observed, which is not the 

case in controls. The origin of this immunity is still unknown, but this test allows to elim-

inate a possible lymphocytic or myelocytic origin. In the case of a failed vaccine response 

due to lymphocyte or bone marrow disorders, the test presented would have shown no 

inhibition of protein S production because the serum in this case would not have con-

tained any anti-ChAdOx1 nCoV-19 antibodies. It is not new to hear about resistance 

against adenovirus therapies as theses therapies have been used for years in the treatment 

of certain types of cancer. It is in this context that Zhang L. et al. reported in 2002 the 

development of resistance to a form of cancer therapy involving adenoviruses. In their 

case, the resistance to the therapy is due to a resistance to the infection of the cells by the 

adenovirus used [23]. Liikanen I. et al. also reported in 2011 the presence of resistance to 

therapies using adenoviruses as vectors. They highlight several resistance pathways in-

volving ribonuclease L or protein kinase R and others interferon pathways [24]. Another 

hypothesis is that the patient may have antibodies directed not against the adenovirus 

used in the Vaxzevria®  vaccine but against her own CAR receptor. This would explain the 

impossibility of interaction between this receptor and the adenovirus and therefore the 

lack of response to the vaccination. 

In this case report, we have demonstrated the presence of resistance to the Vaxzevria®  

vaccine in a patient who developed TTS. The origin of this resistance could not be deter-

mined but several hypotheses were formulated. Further development of the in-house 
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model and additional testing would be required to identify the precise cause of the pa-

tient’s immunity. Unfortunately, the failure of large-scale vaccination with the Vaxzevria®  

vaccine in our country has led to the disappearance of this product from our market, mak-

ing further testing difficult. In addition, expanding the control group or the number of 

patients is also difficult to envisage given the small number of people vaccinated with 

only Vaxzevria®  vaccine. The model developed is applicable to other therapies using ad-

enoviruses such as anti-cancer therapies or several vaccines already on the market such 

as Ebola vaccine (Zabdeno® ) or other COVID-19 vaccine as the Johnson & Johnson vaccine 

(Jcovden® ). In addition to these therapies already on the market, several studies are un-

derway to develop a malaria vaccine based on adenoviruses such as Ad35 or Ad26 [25,26]. 

There are also studies on a booster that would follow this vaccine based on adenovirus 

such as adenovirus-associated virus-serotype 1 (AAV1) or AAV8 [27,28]. The test devel-

oped would therefore make it possible to assess an individual’s resistance to an adenovi-

rus-based therapy more widely. This would make it possible to prevent the use of certain 

therapies that we know will not work in a particular individual. Importantly, a link with 

the TTS developed by our patient cannot be excluded and deserved further investigations. 

Finally, there are several limitations to the study. First, the difficulty in obtaining 

VAXZEVRIA vaccine makes the manipulation impossible to replicate in some countries 

that no longer use this vaccine. However, the model presented remains a basis for inves-

tigation of other adenovirus vaccines. The second main limitation is the low number of 

controls, due to the small proportion of the population vaccinated with VAXZEVRIA 

alone. 

Author Contributions: Among the authors, C.G., J.D. and V.M. (Vincent Maloteau) were responsi-

ble for the design and the conception of the case report. F.M. was responsible of the patient’s data 

and samples collection. C.G. and V.M. (Vincent Maloteau) were responsible of the analysis. C.G. 

and J.D. were responsible of the first draft. V.M. (Valerie Mathieux), J.F. and J.-M.D. are responsible 

of the reviewing and editing of the manuscript. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki, and approved by the Ethics Committee of Sainte-Elisabeth CHU UCL Namur (de-

cision number: 27-21, date of approval: 25 June 2022). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Conflicts of Interest: Among the authors, J.D. is CEO and founder of QUALIblood s.a., a contract 

research organization manufacturing the DP-Filter, is co-inventor of the DP-Filter (patent applica-

tion number: PCT/ET2019/052903) and reports personal fees from Daiichi-Sankyo, Mithra Pharma-

ceuticals, Stago, Roche and Roche Diagnostics outside the submitted work. The other authors have 

no conflict of interest to disclose. 

References 

1. Tatsis, N.; Ertl, H.C. Adenoviruses as vaccine vectors. Mol. Ther. 2004, 10, 616–629. 

2. Medzhitov, R.; Janeway, C., Jr. Innate immune recognition: Mechanisms and pathways. Immunol. Rev. 2000, 173, 89–97. 

3. Flanagan, K.L.; Best, E. Progress and Pitfalls in the Quest for Effective SARS-CoV-2 (COVID-19) Vaccines. Front. Immunol. 2020, 

11, 579250. 

4. Zhu, F.-C.; Guan, X.-H.; Li, Y.-H.; Huang, J.-Y.; Jiang, T.; Hou, L.-H.; Li, J.-X.; Yang, B.-F.; Wang, L.; Wang, W.-J.; et al. Immuno-

genicity and safety of a recombinant adenovirus type-5-vectored COVID-19 vaccine in healthy adults aged 18 years or older: A 

randomised, double-blind, placebo-controlled, phase 2 trial. Lancet 2020, 396, 479–488. 

5. Pine, S.O.; Kublin, J.G. Pre-Existing Adenovirus Immunity Modifies a Complex Mixed Th1 and Th2 Cytokine Response to an 

Ad5/HIV-1 Vaccine Candidate in Humans. PLoS ONE 2011, 6, e18526. 

6. McCoy, K.; Tatsis, N.; Korioth-Schmitz, B.; Lasaro, M.O.; Hensley, S.E.; Lin, S.-W.; Li, Y.; Giles-Davis, W.; Cun, A.; Zhou, D.; et 

al. Effect of Preexisting Immunity to Adenovirus Human Serotype 5 Antigens on the Immune Responses of Nonhuman Pri-

mates to Vaccine Regimens Based on Human- or Chimpanzee-Derived Adenovirus Vectors. J. Virol. 2007, 81, 6594–6604. 



Vaccines 2022, 10, 2056 8 of 8 
 

 

7. Varnavski, A.N.; Zhang, Y.; Schnell, M.; Tazelaar, J.; Louboutin, J.-P.; Yu, Q.-C.; Bagg, A.; Gao, G.-P.; Wilson, J.M. Preexisting 

Immunity to Adenovirus in Rhesus Monkeys Fails to Prevent Vector-Induced Toxicity. J. Virol. 2002, 76, 5711–5719. 

8. Bradley, R.R.; Lynch, D.M.; Iampietro, M.J.; Borducchi, E.N.; Barouch, D.H. Adenovirus Serotype 5 Neutralizing Antibodies 

Target both Hexon and Fiber following Vaccination and Natural Infection. J. Virol. 2012, 86, 625–629. 

9. Sumida, S.M.; Truitt, D.M.; Lemckert, A.A.C.; Vogels, R.; Custers, J.H.H.V.; Addo, M.M.; Lockman, S.; Peter, T.; Peyerl, F.W.; 

Kishko, M.G.; et al. Neutralizing Antibodies to Adenovirus Serotype 5 Vaccine Vectors Are Directed Primarily against the Ad-

enovirus Hexon Protein. J. Immunol. 2005, 174, 7179–7185. 

10. Bottermann, M.; Foss, S.; van Tienen, L.M.; Vaysburd, M.; Cruickshank, J.; O’Connell, K.; Clark, J.; Mayes, K.; Higginson, K.; 

Hirst, J.C.; et al. TRIM21 mediates antibody inhibition of adenovirus-based gene delivery and vaccination. Proc. Natl. Acad. Sci. 

USA 2018, 115, 10440–10445. 

11. Knoll, M.D.; Wonodi, C. Oxford-AstraZeneca COVID-19 vaccine efficacy. Lancet 2021, 397, 72–74. 

12. Voysey, M.; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, P.M.; Aley, P.K.; Angus, B.; Baillie, V.L.; Barnabas, S.L.; Bhorat, 

Q.E.; Bibi, S.; et al., Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: An interim analysis 

of four randomised controlled trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99–111. 

13. Chang, J. Adenovirus Vectors: Excellent Tools for Vaccine Development. Immune Netw. 2021, 21, e6. 

14. Excoffon, K.J.D.A. The coxsackievirus and adenovirus receptor: Virological and biological beauty. FEBS Lett. 2020, 594, 1828–

1837. 

15. Sharma, P.; Martis, P.C.; Excoffon, K.J. Adenovirus transduction: More complicated than receptor expression. Virology 2017, 502, 

144–151. 

16. Ramasamy, M.N.; Minassian, A.M.; Ewer, K.J.; Flaxman, A.L.; Folegatti, P.M.; Owens, D.R.; Voysey, M.; Aley, P.K.; Angus, B.; 

Babbage, G.; et al. Safety and immunogenicity of ChAdOx1 nCoV-19 vaccine administered in a prime-boost regimen in young 

and old adults (COV002): A single-blind, randomised, controlled, phase 2/3 trial. Lancet 2020, 396, 1979–1993. 

17. Douxfils, J.; Vayne, C.; Pouplard, C.; Lecompte, T.; Favresse, J.; Potier, F.; Gasser, E.; Mathieux, V.; Dogné, J.-M.; Gruel, Y.; et al. 

Fatal exacerbation of ChadOx1-nCoV-19-induced thrombotic thrombocytopenia syndrome after initial successful therapy with 

intravenous immunoglobulins—A rational for monitoring immunoglobulin G levels. Haematologica 2021, 106, 3249–3252. 

18. Morel-Kopp, M.-C.; Mullier, F.; Gkalea, V.; Bakchoul, T.; Minet, V.; Elalamy, I.; Ward, C.M.; Immunology, T.S.O.P. Heparin-

induced multi-electrode aggregometry method for heparin-induced thrombocytopenia testing: Communication from the SSC 

of the ISTH. J. Thromb. Haemost. 2016, 14, 2548–2552. 

19. Robert, T. Proposed Brighton Collaboration Process for Developing a Standard Case Definition for Study of New Clinical 

Syndrome X, as Applied to Thrombosis with Thrombocytopenia Syndrome (TTS)-V10.16.3. 2021. Available online: 

https://brightoncollaboration.us/wp-content/uploads/2021/04/TTS-Case-Finding-and-Definition-Process.v9.0-April-16-

202115853,pdf (accessed on 30 May 2021). 

20. Favresse, J.; Eucher, C. Clinical Performance of the Elecsys Electrochemiluminescent Immunoassay for the Detection of SARS-

CoV-2 Total Antibodies. Clin. Chem. 2020, 66, 1104–1106. 

21. Sharma, P.; Kolawole, A.; Wiltshire, S.M.; Frondorf, K.; Excoffon, K.J.D.A. Accessibility of the coxsackievirus and adenovirus 

receptor and its importance in adenovirus gene transduction efficiency. J. Gen. Virol. 2012, 93, 155–158. 

22. Zhong, Z.; Shi, S.; Han, J.; Zhang, Z.; Sun, X. Anionic Liposomes Increase the Efficiency of Adenovirus-Mediated Gene Transfer 

to Coxsackie-Adenovirus Receptor Deficient Cells. Mol. Pharm. 2010, 7, 105–115. 

23. Zhang, L.; Gu, J.; Lin, T.; Huang, X.; Roth, J.A.; Fang, B. Mechanisms involved in development of resistance to adenovirus-

mediated proapoptotic gene therapy in DLD1 human colon cancer cell line. Gene Ther. 2002, 9, 1262–1270. 

24. Liikanen, I.; Monsurrò, V.; Ahtiainen, L.; Raki, M.; Hakkarainen, T.; Diaconu, I.; Escutenaire, S.; Hemminki, O.; Dias, J.D.; Ce-

rullo, V.; et al. Induction of Interferon Pathways Mediates In Vivo Resistance to Oncolytic Adenovirus. Mol. Ther. 2011, 19, 1858–

1866. 

25. Ockenhouse, C.F.; Regules, J.; Tosh, D.; Cowden, J.; Kathcart, A.; Cummings, J.; Paolino, K.; Moon, J.; Komisar, J.; Kamau, E.; et 

al. Ad35.CS.01-RTS,S/AS01 Heterologous Prime Boost Vaccine Efficacy against Sporozoite Challenge in Healthy Malaria-Naïve 

Adults. PLoS ONE 2015, 10, e0131571. 

26. Ophorst, O.J.; Radošević, K.; Klap, J.M.; Sijtsma, J.; Gillissen, G.; Mintardjo, R.; van Ooij, M.J.; Holterman, L.; Companjen, A.; 

Goudsmit, J.; et al. Increased immunogenicity of recombinant Ad35-based malaria vaccine through formulation with alumin-

ium phosphate adjuvant. Vaccine 2007, 25, 6501–6510. 

27. Yusuf, Y.; Yoshii, T.; Iyori, M.; Yoshida, K.; Mizukami, H.; Fukumoto, S.; Yamamoto, D.S.; Alam, A.; Bin Emran, T.; Amelia, F.; 

et al. Adeno-Associated Virus as an Effective Malaria Booster Vaccine Following Adenovirus Priming. Front. Immunol. 2019, 10, 

730. 

28. Shahnaij, M.; Iyori, M.; Mizukami, H.; Kajino, M.; Yamagoshi, I.; Syafira, I.; Yusuf, Y.; Fujiwara, K.; Yamamoto, D.S.; Kato, H.; 

et al. Liver-Directed AAV8 Booster Vaccine Expressing Plasmodium falciparum Antigen Following Adenovirus Vaccine Prim-

ing Elicits Sterile Protection in a Murine Model. Front. Immunol. 2021, 12, 612910. 

https://brightoncollaboration.us/wp-content/uploads/2021/04/TTS-Case-Finding-and-Definition-Process.v9.0-April-16-202115853,pdf
https://brightoncollaboration.us/wp-content/uploads/2021/04/TTS-Case-Finding-and-Definition-Process.v9.0-April-16-202115853,pdf

