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ABSTRACT 

 

Introduction:  Sovereign  immunogens  have  been  key  in  controlling  COVID-19  in 

Cuba.  The  study  of  suboptimal  response  is  a  crucial  step  in  reducing  the  risks of 

immunization strategies in the face of pandemics. 

Objetive:  To  characterize  the  suboptimal  response  of  neutralizing  anti-RBD 

antibodies and documented security profile. 

Methods: A analytical observational and differentiated analysis study was carried 

out  in  59  patients  with  suboptimal  responses  and  immunized  with  the 

heterologous Soberana02/ SoberanaPlus scheme, vaccinated between March-May 

2021  in  Santiago  de  Cuba.  A  molecular  virus  neutralization  test  was  used  at  a 

serum  dilution  of  1/100.  A  ˂70  %  RBD-ACE2  binding  inhibition  response  was managed as a suboptimal humoral response, while a ˂30 % response was managed 
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as a critical humoral response. 

Results: The  arithmetic  mean  of  the  RBD-ACE2  binding  inhibition  response  was 

40.74  %.  For  a  suboptimal  humoral  response,  the  lowest  proportion  of  subjects 

was  in  the  control  group  compared  to  the  vaccinated  group:  40  %  vs.  22  % 

(p=0.000*). For a critical humoral response, the lowest proportion of subjects was 

in the vaccinated group 8 % vs. 30 % (p=0.000*). No serious adverse events were 

reported in vaccinated patients. Two types of adverse events were reported, with 

no  definitive  causal  relationship  and  of  mild  intensity:  pain  at  the  injection  site 

(46.6 %) and increased blood pressure (20 %). 

Conclusions: The immunization scheme studied, under real-world conditions, was 

consistent  with  the  results  of  clinical  trials  regarding  the  potent  inhibitory 

antibody response, with an adequate safety profile. 

Keywords: vaccines, anti-COVID vaccines, neutralizing antibodies, SARS-CoV-2.

 

RESUMEN

 

Introducción: Los  inmunógenos  Soberanos  fueron  clave  en  el  control  de  la 

COVID-19  en  Cuba.  Un  paso  en  la  reducción  de  riesgos  de  las  estrategias  de 

inmunización ante pandemias. 

Objetivo:  Caracterizar  la  respuesta  subóptima  de  anticuerpos  anti-RBD 

neutralizantes y documentar el perfil de seguridad. 

Método:  Se  empleó  un  estudio  observacional  analítico  y  análisis  diferenciado  en 

una  serie  de  59  sujetos  con  respuestas  subóptimas  del  inmunizados  con  el 

esquema  heterólogo  Soberana02/Soberana  Plus,  entre  marzo-mayo  de  2021  en 

Santiago de Cuba. Se utilizó una prueba de neutralización molecular de virus a una 

dilución sérica de 1/100. Una respuesta de inhibición de unión de RBD-ACE2 ˂70 

%,  se  manejó  como  respuesta  humoral  subóptima,  mientras  que  una  ˂30  % 

manejó como respuesta humoral critica.  

Resultado:  La  media  aritmética  de  la  respuesta  de  inhibición  de  unión  de  RBD-

ACE2 fue de 40,74%. Para una respuesta humoral subóptima la menor proporción 

de pacientes estuvo en el grupo de controles respecto de vacunados: 40% vs. 22% 

(p=0,000).  Para  una  respuesta  humoral  critica  la  menor  proporción de  afectados estuvo en el grupo de vacunados 8 % vs. 30 %(p=0,000). No se reportaron eventos 
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adversos  graves  en  los  pacientes  vacunados.  Se  mostraron  dos  tipos  de  eventos 

adversos, sin relación de causalidad definitiva y de intensidad leve: dolor en el sitio 

de inyección (46.6 %) y aumento de cifras tensionales (20 %). 

Conclusiones:  El  esquema  de  inmunización  estudiado,  fue  consistente  con  los 

resultados de los ensayos clínicos respecto a la potente respuesta de anticuerpos 

inhibitorios, con un perfil de seguridad adecuado. 

Palabras  clave:  vacunas,  vacunas  anti-COVID,  anticuerpos  neutralizantes,  SARS-

CoV-2. 
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Introduction

 

The  immunogens  of  the  Soberana  line  are  based  on  the  recombinant  receptor 

binding  domain  (rRBD)  fermented  in  higher  mammalian  cells  at  the  Center  for 

Molecular Immunology. With the obtaining of rRDB , and the extensive experience 

accumulated  in  the  generation  of  vaccines,  the  Finlay  Institute  created  its 

candidates Soberana 02 and SoberanaPlus , the first a macromolecular construct of 

25 µg of rRBD conjugated with tetanus toxoid and the second, 25 µg rRBD dimeric 

adjuvanted with Aluminum Hydroxide gel. Its platform has demonstrated a potent 

neutralizing response in murine models, corroborated in clinical studies. (1, 2)

The very design of protein subunit vaccines guarantees a broad safety profile, (3,4) 

despite  requiring  a  greater  number  of  doses  to  achieve  an  efficient  adaptive 

immune  response.  Comparing  a  technologically  and  immunogenically  superior 

vaccine  platform  in  theory  such  as  the  Janssen  vaccine,  the  62  %  efficacy  of 

Soberana 02 in two doses acquires added value compared to it, despite the 66.3 % 

efficacy  of  the  referred  vaccine, (5) and  without  the  risks  of  potentially  fatal 

phenomena. (6)
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Despite  its  safety,  the  risk  of  obtaining  poor  responses  is  a  critical  variable  to 

control  in  this  vaccine  platform.  Its  study  and  characterization  are  important  for 

the design of robust and resilient strategies in the pandemic context. 

An  important  indicator  of  the  potential  protective  effect  of  a  vaccine-induced 

immune  response  is  the  detection  of  neutralising  antibodies.  Neutralising 

antibodies  are  highly  specific  immunoglobulins  with  the  ability  to  cut  off  the 

spread of a pathogen. The availability of these determinations is a crucial tool in 

the strategic planning applied to vaccines, with added value in pandemic contexts 

or  when  there  is  an  increase  in  the  circulation  of  pathogens  that  cause  vaccine-

preventable diseases. 

This article presents the results of immunization with the heterologous two - dose 

Soberana02 regimen, with a third Soberana Plus dose in vaccinated subjects from 

the  province  of  Santiago  de  Cuba,  with  the  objective  of  characterizing  the 

suboptimal  response  of  neutralizing  anti-RBD  antibodies  with  the  heterologous 

Soberana02/ Soberana Plus regimen. 

 

Methods

Study design: Prospective longitudinal observational study developed during the 

implementation  of  the  SOBERANA-INTERVENTION  clinical  study  (study  code 

IFV/COR/10; https://rpcec.sld.cu/ensayos/RPCEC00000360-Sp)  in  workers  and 

collaborators of LABEX-CIM, in Santiago de Cuba.

Products  under  evaluation: SOBERANA  02  and  SOBERANA  Plus  are  injectable 

suspensions.  Both  are  subunit  vaccines  based  on  the  SARS-CoV-2  RBD,  sequence 

Arg319-Phe541-(His  )6  with  a  flexible  C-terminal  fragment  including  unpaired 

Cys538,  produced  in  genetically  modified  CHO  cells.  In  SOBERANA  02,  25  μg  of 

RBD  is  conjugated  to  20  μg  of  the  tetanus  toxoid  (TT)  carrier  protein.  In 

SOBERANA  Plus-50  μg,  the  RBD  is  dimerized  (d-RBD)  through  an  interchain 

disulfide  bridge  Cys538-Cys538.  Both  vaccines  use  aluminum  hydroxide  as  an 

adjuvant. SOBERANA 02 and SOBERANA Plus are produced under GMP conditions 

at  the  Finlay  Vaccine  Institute  (IFV)  and  the  Center  for  Molecular  Immunology 

(CIM), in Havana, Cuba.
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Molecular  virus  neutralization  assay,  based  on  antibody-mediated  blockade  of 

the  RBD:hACE  2  interaction.  This  assay  is  an in  vitro  surrogate  for  the  live  virus 

neutralization  assay.  It  uses  recombinant  RBD-mouse-  Fc  (RBD  -  Fcm  )  and  the 

host cell receptor hACE2-Fc (ACE2-Fch) as the coating antigen. Human antibodies 

against  RBD  can  block  the  RBD-  Fcm  interaction  with  ACE2-Fch.  The  RBD-  Fcm 

that  was  not  inhibited  can  bind  to  ACE2-Fch,  and  is  recognized  by  an  alkaline 

phosphatase-conjugated anti- murine monoclonal antibody. This inhibition ELISA 

mimics the virus-host interaction at the molecular level. The inhibition ratio of the 

RBD:hACE 2 interaction at a serum dilution of 1/100 and the half-maximal virus 

molecular  neutralization  titer  (mVNT50)  were  calculated;  mVNT50  is  the  serum 

dilution that inhibits 50% of the RBD:hACE2 interaction. (7)

For the purposes of this study, the results are referred to as suboptimal RBD-ACE2 

binding inhibition response (SBR). A ˂70% RBD-ACE2 binding inhibition response 

was  considered  a  suboptimal  humoral  response,  while  a  ˂30%  response  was 

considered a critical humoral response. 

Human  Convalescent  Serum  Panel:  A  panel  of  convalescent  serum  samples 

(Cuban  Convalescent  Serum  Panel,  CCSP)  was  performed  with  sera  from  68 

patients  recovered  from  COVID-19  (diagnosed  by  positive  PCR)  between  March 

and  November  2020,  during  the  first  epidemic  peak  in  Cuba  (13  with  severe 

disease, 30 with mild disease and 25 asymptomatic). All patients gave their written 

consent to the National Center for Medical Genetics of Cuba in Havana, allowing the 

use of their samples for epidemiological research. In this study, the results of the 

inhibition  of  the  RBD-hACE2  interaction  (%  of  inhibition  and  molecular 

neutralization  titer)  were  used  with  the  same  analytical  method  used  for  the 

vaccinated subjects. (8)

Statistical  analysis: Clinical  data  were  retrieved  from  medical  records  and 

organized  in  a  digital  database  using  the  services  of  the  Microsoft  Office  Excel 

platform.  For  the  statistical  description,  the  arithmetic  mean  and  median  were 

used  as  summary  measures  of  central  tendency;  the  standard  deviation  and 

variance  were  used  as  measures  of  dispersion,  as  well  as  other  coefficients  of 

symmetry  and  linear  correlation;  for  the  summary  of  qualitative  aspects,  the 

results  were  expressed  in  percentages.  For  normality  tests,  QQ  probability distribution  graphs  and  the  Jarque  -Bera  (JB)  test  were  used.  In  the  statistical 
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analysis, graphic and computational means were used to determine the normality 

of  the  data  distribution,  and  for  the  exploration  of  statistical  significance,  the 

Fischer test and Welch 's t test were used, assuming that α=0.05, as well as Hedges 

' d for the estimation of the effect size. 

Ethical  considerations:  The  study  will  be  governed  by  the  general  principles 

established in the documents adopted by the international community in relation 

to  biomedical  research  on  human  subjects,  established  in  the  Declaration  of 

Helsinki (update of the World Medical Assembly held in Brazil, 2013), (9) with the 

current state regulations according to the requirements of the national regulatory 

authority (Regulation 165/2000 of the CECMED), (10) as well as in the Good Clinical 

Practice Guide of the International Conference on Harmonization (ICH E6). (11)

Safety  profile:  it  was  evaluated  in  all  individuals  with  at  least  one  dose  of 

vaccination  received,  up  to  28  days  of  follow-up.  Face-to-face  interrogation, 

physical examination and taking of vital signs (body temperature, measurement of 

respiratory  rate,  heart  rate  and  blood  pressure)  were  performed  before  each 

immunization and one hour later. A telephone consultation was made 30 days after 

the last immunization received. 

Local  AEs  requested  were  pain,  erythema,  increased  volume,  induration  and 

increased temperature at the site of administration. Systemic AEs requested were 

fever, malaise and rash.  

The  adverse  events  observed  were  classified  according  to  preferred  terms  by 

organ  system  and  intensity,  according  to  the  Common  Terminology  Criteria  for 

Adverse  Events  version  5.0  (CTCAE, Common  Terminology  Criteria  for  Adverse 

Events),  which  grades  AEs  as  mild  (grade  1):  asymptomatic  or  mild  symptoms, 

demanding only clinical observation, no treatment indicated; moderate (grade 2): 

requiring minimal, local or non-invasive treatment, event limiting activities of daily 

living  (ADLs);  severe  (grade  3):  clinically  significant,  but  not  immediately 

threatening,  requires  hospitalization  or  prolonged  hospitalization,  is  disabling, 

limits  ADLs  to  self-care;  with  life-threatening  consequences  (grade  4):  demands 

urgent treatment and death (grade 5): related to AD.(12) 
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AE  was  also  evaluated  as  severe,  categorized  as  that  which  produces  death, 

threatens  life,  produces  permanent  disability,  significant  disability  or  results  in 

hospitalization or prolongation of hospitalization, linked to the vaccines evaluated; 

according to the outcome recovered, recovered with sequelae, persistent, resulting 

in death or unknown. 

 

Results 

59 vaccinated subjects, with a 1:1.7 ratio in favor of the female sex. 33.89 % had a 

history  of  chronic  non-communicable  disease,  where  hypertension  was  the  most 

representative. The mean age was 44.22±2.43 years, with a standard deviation of 

9.55  years.  The  mean  in  the  female  sex  was  47.40±2.30  years  (JB=1.5035; 

p=0.4715),  with  a  standard  deviation  of  7.15  years.  Regarding  the  male  sex,  the 

mean was 38.86±4.50  years (JB=1.5303; p=0.4652), with a standard deviation of 

10.78 years. 

 

Table 1Demographic characteristics of vaccinated subjects . 

Characteristics                                       N= 59 (%) Age, average, min or max (years)                  44.22 (22;62) 

< 45 years                                         29 (49.15%) ≥ 45 years                                         30 (50.84%) 

Sex 

Male                                           22 (37.28%) Female                                        37 (62.71%) 

Without comorbidities                               39 (66.10%) With comorbidities                                   20 (33.89%) 

High blood pressure                              17 (28.81%) Diabetes mellitus                                    1 (1.69%) Bronchial asthma                                 4 (6.77%) 

 

Between sexes, statistically significant differences with a moderate effect size were 

observed  with  respect  to  age  (d=0.70;  p=0.002).  Likewise,  between  age  groups, 

differences with a large effect size were observed (d=1.50; p=0.000*) and between 

subjects with and without health history, differences were observed with respect 

to age with a slight effect size (d=0.39; p=0.003). 
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In  general,  the  mean  inhibition  of  RBD-ACE2  binding  is  75.73±5.83%,  in  an 

inhibition range of 11.3 and 95.2 %, being statistically significant in general that it 

is greater than 70 % inhibition (p=0.0293). 

The analysis of the response medians, in general, confirms the presence of marked 

differences between the vaccinated subjects with respect to the controls in benefit 

of  the  immunized  ones  (75.73  %  vs  48.24  %)  with  a  large  effect  size  (d=0.77, 

p=0.000*). 

A  lower  proportion  of  subjects  with  suboptimal  responses  (IURA˂70  %)  was 

observed  in  the  control  group  compared  to  the  vaccinated  group:  40%  vs.  22  % 

(p=0.000*); with no significant differences between inhibition means (p=0.1909). 

A lower proportion of subjects with critical responses (IURA˂30 %) was observed 

in the vaccinated group 8 % vs. 30 % (p=0.000*);  with no significant differences 

between  inhibition  means  (p=0.6468).The  analysis  of  subjects  with  responses 

below 70 % did not show any marked differences in relation to age or sex, noting 

that 73.33 % of this set of subjects had an apparent health history. The arithmetic 

mean of the humoral response was 40.74 %. 80 % of them were over 45 years old, 

with  responses  >30  %<70  %,  with  a  distribution  by  sex  of  46.66  %  women  and 

26.66 % men. 

 

Fig 1. Critical/suboptimal RBD-ACE2 binding inhibition response, vaccinated (blue) vs 

controls (yellow). 

No serious adverse events were reported in vaccinated patients. Only two types of 

adverse  events  were  reported  in  this  subgroup,  with  no  definitive  causal relationship and of mild intensity: pain at the injection site 46.6 % and increased 
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blood pressure 20 %. 

 

Discussion

 

This work reports for the first time data regarding the suboptimal response of the 

heterologous Soberana02+SuberanaPlus regimen in real-world subjects, compared 

to  COVID-19  convalescents.  Regardless  of  the  sample  size,  representativeness  is 

achieved  with  respect  to  the  demographic  characteristics  of  the  starting 

population (13,  14) with working  age,  a  group  of  interest  in  vaccination  campaigns 

due  to  the  high  risk  of  contagion  and  its  contribution  to  the  transmissibility  of 

SARS-CoV-2. 

Subunit  protein  vaccines,  despite  presenting  clear  advantages  in  terms  of 

manufacturing,  storage  and  distribution, (15) have  demonstrated  an  adequate 

clinical  effect. (16) The  use  of  a  novel  heterologous  scheme  distinguished  the 

response  of  Cuban  biotechnology  to  the  confrontation  of  COVID-19. (17) Although 

the  evidence  is  conclusive  regarding  the  safety,  immunization  and  generalization 

of  the  subunit  protein  vaccine  platform,  the  risk  of  suboptimal  responses  is  a 

variable to be controlled. 

Serum  antibody  determinations,  although  not  used  to  diagnose  the  presence  or 

absence  of  current  or  previous  SARS-CoV-2  infection,  are  particularly  useful  for 

assessing  the  presence  of  neutralizing  antibodies,  which  act  to  prevent  the  virus 

from  continuing  to  replicate, (18)  which  is  an  essential  objective  of  anti-COVID 

vaccines in their aim to significantly impact the progression to severe forms of the 

disease.  Correlates  of  protection  based  on  these  determinations  have  not  been 

reported. 

Antibody  tests  available  for  laboratory  use  are  primarily  enzyme-linked 

immunosorbent  assay  (ELISA)  methods;  these  require  relatively  specialized 

equipment  and  biosafety  procedures, (18)  so  their  generalization  is  somewhat 

limited,  although  they  do  allow  the  creation  of  analytical  capabilities  in  contexts 

with limited financial resources. 

Based  on  observations  made  in  the  natural  virus-host  interaction,  regarding  a 

neutralizing  antibody  response  that  is  predominantly  directed  to  the  RBD  , (19) knowing that they are affected by the SARS-CoV- 2 variants  c i aiy yaci alc yna  ,
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 ney n  linan c lya  yna ca linydprimary endpoints of immunogenicity. 

Few studies analyze in depth the data of subjects with responses that do not satisfy 

the response criteria defined as positive. In the studies carried out in Cuba with the 

Abdala  vaccine,  a  response  with  a  value  greater  than  30%  was  counted  as  a 

positive inhibition response. (20)

In  the  Phase  II  study  of  the  Abdala  vaccine,  the  proportion  of  subjects  with 

responses less than 30 % inhibition of 44.53 % was observed with the three-dose 

regimen of 25 μg , every 14 days, in contrast to the proportion observed in the 50 

μg strength regimen which was 27.91 %, with a median inhibition of 55.5 % (95 % 

CI: 48 9–61 9) and 72.1 % (95 % CI: 65 9–77 7) respectively. (20) Compared to our 

results,  the  differences  were  statistically  significant,  in  favor  of  the  heterologous 

regimen  compared  to  the  three-dose  regimen  with  50  μg  strength  (27.91  %  vs. 

6.77 %, p=0.0006). 

In  the  case  of  the  clinical  trial  that  explored  the  immunogenicity  of  the 

heterologous  Soberana02/  SoberanaPlus  regimen  ,  the  results  were  significantly 

superior,  with  a  median  inhibition  of  85.5  %  (95  %  CI:  49.4  –  93.1)  with  a 

proportion of subjects with responses less than 30 % of 12.73 %. (21) In comparison 

with our results, no significant differences are observed (p=0.3015). 

Observations in this real-world subject group are consistent with results reported 

in rigorous clinical studies for the heterologous regimen, and superior results are 

evident compared to the other regimen. The application of a heterologous regimen 

with  SoberanaPlus  was  established  as  a  safe  and  effective  strategy,  with  a  lower 

proportion of subjects with suboptimal neutralizing antibody responses. 

The  main  limitations  of  the  study  are  related  to  the  sample  size  of  vaccinated 

persons  and  the  sampling  at  6  and  12  months  for  immunological  studies,  and 

larger  national  studies  are  needed.  The  availability  of  these  data  is  crucial  for 

designing more robust vaccination strategies. 

The  proportion  of  subjects  with  a  suboptimal  anti-RBD  neutralizing  antibody 

response  is  significantly  lower  in  vaccinated  subjects  than  in  patients  with  the 

natural disease. No associated serious adverse events are reported. Therefore, it is 

concluded  that  under  conditions  of  medical  practice,  the  vaccination  schedule studied  induces  a  potent  humoral  response,  with  low  levels  of  neutralising 
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antibodies rarely seen, with an adequate safety profile 
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