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Abstract 

Context:  Demonstrating the ability to mount a neutralizing antibody response to SARS-
CoV-2 in the presence of diabetes is crucial to understand COVID-19 pathogenesis, 
reinfection potential, and vaccine development.
Objective: The aim of this study was to characterize the kinetics and durability of 
neutralizing antibody (Nab) response against severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) in the presence of hyperglycemia.
Methods:  Using a lentiviral vector–based SARS-CoV-2 neutralization assay to measure 
Nabs, we characterized 150 patients randomly selected from a cohort of 509 patients with 
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confirmed COVID-19 pneumonia. We analyzed Nab response according to the presence 
of diabetes or hyperglycemia, at the time of hospitalization and during the postdischarge 
follow-up: 1-, 3-, and 6-month outpatient visits.
Results:  Among 150 randomly selected patients 40 (26.6%) had diabetes. Diabetes 
(hazard ratio [HR] 8.9, P  <  .001), glucose levels (HR 1.25 × 1.1 mmol/L, P  <  .001), and 
glucose variability (HR 1.17 × 0.6 mmol/L, P < .001) were independently associated with 
an increased risk of mortality. The neutralizing activity of SARS-CoV-2 antibodies in 
patients with diabetes was superimposable, as for kinetics and extent, to that of patients 
without diabetes. It was similar across glucose levels and correlated with the humoral 
response against the SARS-CoV-2 spike protein. Positivity for Nabs at the time of hospital 
admission conferred protection on mortality, both in the presence (HR 0.28, P =  .046) 
or absence of diabetes (HR 0.26, P = .030). The longevity of the Nab response was not 
affected by diabetes.
Conclusion:  Diabetes and hyperglycemia do not affect the kinetics and durability of the 
neutralizing antibody response to SARS-CoV-2. These findings provide the rational to 
include patients with diabetes in the early phase of the vaccination campaign against 
SARS-CoV-2.

Key Words: neutralizing antibodies, COVID-19, diabetes, survival rate, humoral response, SARS-CoV-2

Humoral immunity, in particular neutralizing antibodies 
(Nabs), is of central importance to protect the body against 
acutely cytopathic viruses (1). Understanding the kinetic and 
durability of protection from antibody-mediated immune re-
sponse to SARS-CoV-2 is crucial to understand the pathogen-
esis of COVID-19, reinfection potential, and vaccine efficacy 
and development (2). This is even more relevant in popula-
tions at the greatest risk of mortality for serious COVID-
19 disease, which include individuals with existing health 
conditions and older adults (3-5). Among health conditions, 
diabetes has been associated with an excess risk of severe/
critical illness and mortality since the first reports (3, 6-9). 
In fact, patients with diabetes and COVID-19 pneumonia 
showed a 2-fold increased risk of admission to an intensive 
care unit and a 3-fold increased risk of in-hospital mortality 
(10). Little is known about the durability and nature of the 
humoral immune response to SARS-CoV-2 in individuals 
with diabetes (11, 12) and cases of COVID-19 recurrences 
have been indeed described in subjects with diabetes (13-17). 
More generally, whether hyperglycemia modulates the anti-
body response to a virus and its durability, it is still a matter 
of discussion (18, 19). Decreased immunological response 
to the hepatitis B vaccine was consistently reported in in-
dividuals with diabetes (20), while less consistent responses 
were noted for varicella zoster and influenza vaccines (21, 
22). Some studies reported normal plasma immunoglobulin 
levels in the presence of diabetes, while reduced levels of im-
munoglobulin (Ig)G and IgM have been reported in others 
(23, 24). In addition, glycation of circulating immuno-
globulins has been described (25). The binding ability of 
glycated antibodies to their respective antigens could be 

impaired, thereby compromising the immune response (26). 
Finally, in animal models, the IgM-producing B-1 lympho-
cyte function was reported to be impaired in the presence 
of hyperglycemia (27). Demonstrating the ability to mount 
and maintain an efficient antibody response in the presence 
of hyperglycemia is crucial for the vaccination campaigns 
to prevent SARS-CoV2 infection in patients with diabetes. 
We recently reported that the antibody response against 
multiple SARS-CoV-2 antigens in patients with diabetes is 
superimposable, as for timing, titers, and classes, to that of 
nondiabetic patients and is not influenced by glucose levels 
(28). Moreover, positivity for IgG against the SARS-CoV-2 
spike Receptor Binding Domain (RBD) was predictive of 
survival, both in the presence and absence of diabetes (29). 
Here, we used a lentiviral vector–based SARS-CoV-2 neutral-
ization assay to measure Nabs and analyzed them according 
to hyperglycemia (known diabetes or newly diagnosed dia-
betes) and antibody responses to the SARS-CoV-2 spike and 
RBD, as well as to other beta-coronaviruses (HCoV-OC43 
and HCoV-HKU1). Our study cohort consisted of 150 in-
dividuals randomly selected among those with confirmed 
COVID-19 pneumonia admitted to the emergency or clinical 
departments at the San Raffaele Hospital in Milan between 
February 25 and April 19 2020.

Material and Methods

Study Population and Data Sources

The study population (n  =  150) was randomly selected 
among the 509 patients with confirmed COVID-19 pneu-
monia (see also (28)), admitted between February 25 and 
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April 19 2020 to the Emergency or Clinical departments 
of the Istituto di Ricovero e Cura a Carattere Scientifico 
(IRCCS) San Raffaele Hospital (30, 31) and with a serum 
sample stored in our institutional biobank. This co-
hort is part of the COVID-19 institutional clinical–bio-
logical cohort (COVID-BioB; ClinicalTrials.gov Identifier: 
NCT04318366). Confirmed COVID-19 pneumonia was 
defined as a SARS-CoV-2 positive reverse transcription 
polymerase chain reaction from a nasal/throat and radio-
logical findings suggestive of COVID-19 pneumonia. Data 
were collected from medical chart reviews or directly by 
patient interview and entered in a dedicated electronic case 
report form. Data were cross-checked blind and verified by 
data managers and clinicians for accuracy. Routine blood 
tests included complete blood count with differential, renal 
and liver function tests, C-reactive protein, lactate de-
hydrogenase, serum ferritin, D-dimer, and interleukin 6.

Definition of diabetes

Study participants were defined as having diabetes if they 
had a documented diagnosis before the hospital admission 
for COVID-19 pneumonia (comorbid diabetes: fasting 
plasma glucose [FPG] ≥7.0  mmol/L or HbA1c ≥6.5% 
[48 mmol/mol], or prescription for diabetes medications) 
or if patients without a previous diagnosis of diabetes had 
a mean FPG ≥7.0  mmol/L during the hospitalization for 
COVID-19 pneumonia (newly diagnosed diabetes). We 
computed mean FPG and glucose variability (SD) from 
all fasting laboratory glucose values measured during 
hospitalization.

Anti-SARS-CoV-2 Antibodies Determination and 
Neutralization assay

Specific antibodies to different SARS-CoV2 antigens were 
tested by a luciferase immunoprecipitation system assay, as 
previously described (29). As viral antigens, we cloned sev-
eral recombinant monomeric or multimeric SARS-CoV-2 
proteins tagged with a Nanoluciferase reporter (Promega): 
the whole spike glycoprotein S1 + S2, S2, spike glycopro-
tein RBD, nucleocapsid protein. In addition, we produced 
spike S2 proteins of the HCoV-OC43 and HCoV-HKU1 
beta coronaviruses and the hemagglutinin HA1 protein of 
the 2009 H1N1 pandemic flu virus. For antibody titrations, 
the sera that bound recombinant antigens above the linear 
range of the assay were serially diluted (1:10, 1:100, and 
1:1000) in Tris-Buffered Saline and Tween 20 (TBST), re-
tested until binding fell into the linear range, and the cal-
culated arbitrary units (AU) corrected by multiplying for 
the corresponding dilution factor. Thresholds for antibody 
positivity were established upon a QQ plot analysis by 

selecting AU values at which the distribution of calculated 
arbitrary units deviated from normality. For ubiquitously 
present antibody responses like those against the 2009 pan-
demic flu HA and the HCoV-OC43 and HCoV-HKU1 S2 
spike proteins, subjects were binned into terciles.

A lentiviral vector–based SARS-CoV-2 neutralization 
assay with VERO E6 cells was used to evaluate Nab re-
sponses. Neutralization titers were defined as the serum di-
lution at which relative luminescence units were reduced by 
50% compared with virus control wells. Inhibitory dilution 
(ID) 50 was calculated with a linear interpolation method. 
The threshold for neutralizing antibody positivity was 1/40 
dilution.

Statistical Analysis

Continuous variables are reported as median with interquar-
tile range (IQR) in parenthesis, while categorical variables are 
reported as frequency or percent. Categorical variables were 
compared using the chi-squared or Fisher’s exact test; con-
tinuous variables were compared using the Wilcoxon rank 
sum or Kruskal–Wallis test. Imputation for missing data was 
not performed. The time to event was calculated from the date 
of symptom onset to the date of death, or of last follow-up 
visit, whichever occurred first. Survival was estimated ac-
cording to Kaplan–Meier. To evaluate the association between 
antibodies positivity and time to death we used univariate and 
multivariate Cox proportional hazards models. The effect was 
reported as hazard ratio (HR) with the corresponding 95% 
CI, estimated using the Wald approximation. All survival ana-
lysis and association were stratified according to time since 
the onset of symptoms to blood sampling (weeks 1, 2, 3, ≥4). 
Multivariate analyses were performed including variables sig-
nificant at the level of P < .05 in the univariate analysis. Two-
tailed P values are reported, with P < .05 indicating statistical 
significance. All confidence intervals are 2-sided and not ad-
justed for multiple testing. Statistical analyses were performed 
with the SPSS 24 (SPSS Inc./IBM) and the R software version 
3.4.0 (R Core Team (2017).

Results

Study Participants

Among the selected 150 cases with confirmed COVID-
19 pneumonia, 134 patients (89.3%) were hospitalized 
and 24 (16%) were admitted to the ICU. As of November 
25, 2020, median follow-up time after symptoms onset 
was 202 (95% CI 58-60) days. Twenty-nine patients 
died during follow-up (19.3%). Newly diagnosed dia-
betes and comorbid diabetes accounted respectively for 
12% (n = 18) and 14.7% (n = 22) of the patients. The 
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characteristics of study participants according to diabetes 
status are reported elsewhere (Table 1 and Table 2 (32)). 
We assessed the associations between baseline variables 
and diabetes using logistic regression. Older age (odds 
ratio [OR] 1.034 [95% IC 1.01-1.06]; P = .017), hyper-
tension (OR 4.268 [1.93-9.44]; P  <  .001) and number 
of existing comorbidities (OR 3.393 [2.193-5.252]; 
P  <  .001) were all associated with diabetes. As for the 
treatment of diabetes, 45% of the patients were untreated 
(newly diagnosed diabetes), 2.5% were treated with life-
style modifications, 37.5% with noninsulin oral or inject-
able antidiabetes medications, 12.5% with insulin, and 
2.5% with insulin and oral diabetes medications. The 
median time from symptoms onset to hospital admission 
was 9 (5-13) and 8 (3.2-11) days for patients without 
and with diabetes, respectively (P =  .144). Patients with 
diabetes did not report different symptoms at the time of 
admission than patients without diabetes, with the excep-
tion of a reduced prevalence of headache and chest pain 
(Table 2 (32)). The median days between symptoms onset 
and blood sampling for measuring the antibody response 
to SARS-CoV-2 was 10.5 (7-16) and 11 (6-17.7) in pa-
tients without or with diabetes, respectively, P = .818. At 
that time the presence of diabetes was associated with 
worst kidney function (serum creatinine: 102.1 [80.2–
154.8] vs 83.4 [67.2-110.5] µmol/L, P = 0.025) and with 
an increase in the coagulatory cascade activation marker 
(D-dimer: 11.34 [4.97-19.9] vs 5.64 [1.67-11.31] nmol/L, 
P < .057) (see also Table 2 (32)).

Neutralization Titers and Antibody Responses to 
SARS-CoV-2 Stratified by Diabetes or FPG

Determining the neutralizing capacity of SARS-CoV-2 
antibodies is critical to understand putative protective ef-
fects of the immune response. In patients with COVID-19 
pneumonia, Nabs were measured in all 150 subjects on 
the first sample available after hospital admission. Nab 
positivity was evident in 70% (ID50 1586 [482–7018]) 
and 75% (ID50 3996 [682-9059]) of subjects without and 
with diabetes, respectively (P = .684) (Fig. 1 and Table 3 
(32)). Nab positivity and neutralization titers increased 
throughout the observation period, from week 1 to week 
3, followed by stabilization or marginal decline at week 
4 and beyond (Fig. 1). As expected (28), anti-RBD IgG, 
anti-S1  + S2 IgG, and the antinucleocapsid protein IgG 
responses were also not affected by diabetes (Fig. 1C and 
data not shown). A  correlogram was made to visualize 
whether the neutralization titer correlated differently in 
subjects with or without diabetes with spike binding titers 
and other humoral responses. As reported in Figure 2, in 
patients with diabetes the cluster of correlation among 

the tested antibody titers is superimposable to that of 
nondiabetic patients, showing the highest correlation co-
efficients between neutralization activity and humoral re-
sponse against the spike protein. The same analyses were 
made after stratification of subjects by FPG, independently 
from diabetes status (Fig. 1 and Table 3 (32)). Marginal 
differences between FPG strata were evident, including 
a higher neutralizing titer in patients with median FPG 
≥7 mmol/L than in normoglycemic patients (Fig. 1 (32)). 
Taken together these results demonstrate that develop-
ment of Nabs against SARS-CoV-2 is not impaired by dia-
betes or hyperglycemia.

Nab Response to SARS-CoV-2 and Survival in 
Subjects with and without Diabetes

Results of Cox regression survival analysis, according to 
diabetes status and FPG are reported elsewhere (Table 4 
(32)). As expected (28), multivariate analysis showed that 
diabetes status (HR 8.9, 95% CI 3.11-25.3, P < .001), FPG 
(HR 1.25 × 1.1 mmol/L, 95% CI 1.11-1.4, P < .001), and 
glucose variability (HR 1.17 × 0.6 mmol/L, 95% CI 1.07-
1.25, P < .001) were independently associated with an in-
creased risk of mortality. Kaplan–Meier survival analysis 
showed that the presence of Nabs was associated with im-
proved patient survival after stratification for diabetes or 
FBG (Fig. 3A). Concordantly, the association between Nab 
positivity and risk of mortality was confirmed by Cox re-
gression analysis stratified for symptoms duration at the 
time of sampling and adjusted for sex, age, and presence of 
diabetes (HR 0.28, 95% CI 0.126-0.623, P = .002) or FBG 
(HR 0.41, 95% CI 0.18.–0.92, P =  .031). The protective 
effect of Nabs was confirmed even when the analysis was 
performed separately in subjects with (HR 0.28, 95% CI 
0.08-0.98, P =  .046) or without diabetes (HR 0.26, 95% 
CI 0.07-0.88, P  =  .030) (Fig. 3B). Overall, the effect on 
survival of the presence of SARS-CoV-2 spike binding anti-
bodies or other humoral responses was similar in subject 
with or without diabetes (Fig. 3B).

Longevity of the Antibody Responses in Subject 
with and without Diabetes

A postdischarge follow-up was planned, including out-
patient visits at 1, 3, and 6 months (Table 1). Nabs con-
tinued rising until the first follow-up visit and decreased 
thereafter, but robust neutralizing activity was still present 
at the last follow-up visit (Fig. 4). Among spike binding anti-
bodies, RBD IgM decreased after the initial peak starting 
from the first follow-up visit, while RBD and S1 + S2 IgG 
continued rising until the second visit and remained high 
thereafter. No difference in any of the antibodies tested at 
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Figure 1.  Neutralizing antibodies prevalence and titers based on diabetes status. Correlation between neutralizing antibody titers and days since 
symptoms onset (A) and neutralizing titers of Nab positive sample (B) in patients with COVID-19 pneumonia. Nabs were measured in 150 subjects 
at the first sampling available after hospital admission (median days from symptoms onset: 10.5 [7-16] and 11 [6-17.7] in patients without [n = 110] or 
with diabetes [n = 40], respectively). Results are shown as the reverse serum dilution giving an ID50 measured in each sample (circles), and below 
that we report a probability density estimate and a boxplot showing median, IQR with whiskers extending to 1.96 times the median, and outlier 
omission. Solid circles are positive (green) or negative (magenta) cases for SARS-CoV2 RBD IgG and/or IgM. Nabs, anti-SARS-CoV-2 RBD IgG and 
IgM, and S1 + S2 IgG were also stratified by duration of symptoms (weeks 1, 2, 3, ≥4) at the time of sampling and diabetes status (C). For each time 
point, results are percentage of positivity (left) and median of titers (right) (sample size: week 1: no diabetes n = 29, diabetes n = 14; week 2: no dia-
betes n = 45, diabetes n = 13; week 3: no diabetes n = 23, diabetes n = 7; week ≥4: no diabetes n = 13, diabetes n = 6). *P < .05 and **P < .01, χ 2 test 
or Mann–Whitney U test, diabetes vs no diabetes.

Figure 2.  Correlation matrix of different antibody responses in subject with or without diabetes. Correlograms show coefficients for various antibody 
responses with corresponding values matched to colors in the legend. Correlations are presented as Pearson coefficients after Log1p normalization. 
Crosses indicate correlation with P > .05.
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all times was evident between patients with or without dia-
betes (Table 1 and Fig. 4).

Discussion

We recently demonstrated that diabetes or high blood sugar 
does not impair the IgG, IgM, and IgA response against mul-
tiple antigens of SARS-CoV-2 in a cohort of 509 patients 
with documented diagnosis of COVID-19 pneumonia pro-
spectively followed at the IRCCS Hospital San Raffaele (28). 
In this study, we further investigated the humoral response by 
analyzing the kinetics and durability of the neutralizing anti-
body response to SARS-CoV-2 in the presence of diabetes. 
A random subsample of the original cohort was studied. The 
results have generated additional valuable knowledge about 
the humoral response against SARS-CoV2 in patients with 
hyperglycemia. First, in patients with diabetes the neutral-
izing activity of SARS-CoV-2 antibodies is superimposable, 
as for kinetics and extent, to that of nondiabetic patients and 
is not influenced by glucose levels. Second, in patients with 
COVID-19 pneumonia the neutralizing activity strongly cor-
relates with the humoral response against the viral spike pro-
tein and is predictive of the survival rate, both in the presence 
or the absence of diabetes. Third, the longevity of the anti-
body response is not affected by diabetes.

These results were partly expected, but not taken for 
granted. Our previous data (28) regarding the development 

of antibodies against the spike protein in subjects with dia-
betes or hyperglycemia suggested that the neutralizing re-
sponse would be effective in both populations. In fact, 
SARS-CoV-2 docking on ACE2 is blocked when neutral-
izing antibodies recognize the RBD on the S1 subunit of the 
spike protein (33, 34). Concordantly, our data confirm a 
significant correlation between the neutralizing activity and 
the antibody response against RBD or S1 + S2 spike pro-
tein in subjects with or without diabetes. An even stronger 
correlation was evident with the antibody response against 
the S2 subunit, which mediates membrane fusion for viral 
entry (35). In spite of this, the presence of valid neutralizing 
activity was not obvious. Antibody glycation has been ob-
served in subjects with diabetes (25) and glycation can affect 
the function by weakening antigen binding (36). Moreover, 
although antibodies are generally beneficial and protective, 
sometimes virus-specific antibodies can promote pathology, 
a phenomenon defined as antibody-dependent enhancement 
(ADE). ADE can occur when non-neutralizing antibodies or 
antibodies at subneutralizing levels bind to viral antigens 
without blocking or clearing infection (37). Fcγ receptors, 
surface receptors on immune cells that recognize the Fc por-
tion of IgG, were identified as the key mediators of ADE (38). 
Hyperglycemia and diabetes are known to be able to induce 
Fcγ receptors expression on phagocytic cells (39) and to sen-
sitize macrophages to cytokine stimulations (40). Therefore, 
hypothetically in patients with diabetes the antibody response 

Figure 3.  Neutralizing antibodies to SARS-CoV-2 and survival in patients with COVID-19, with or without diabetes. Kaplan–Meier patient survival 
estimates for 150 patients with COVID-19 pneumonia (A). Survival rate was estimated for the presence of neutralizing antibodies after stratification 
for diabetes or fasting plasma glucose. The log rank test was used to test differences in the estimated survival rate between Nab+ and Nab- individ-
uals. Crosses indicate censored patients (censoring for lack of follow-up data). The forest plots (B) show the hazard ratios for death for each antibody 
tested. Cox regression analysis was adjusted for sex and age and stratified for the duration of symptoms at the time of blood sampling. Dots repre-
sent the HR; solid dots indicate P < .05.
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could lead to a worse clinical outcome (37). The 70% re-
duction in mortality in subjects with diabetes associated 
with the presence of a neutralizing antibody disproves this 
hypothesis. Accordingly, the question through what other 
mechanisms may diabetes and hyperglycemia contribute to 
increased mortality in COVID-19 pneumonia remains open. 
It is well known that venous thromboembolism, arterial 
thrombosis, and thrombotic microangiopathy substantially 
contribute to increased morbidity and mortality in patients 
with COVID-19 (41). As hypercoagulopathy was associated 
with diabetes and represented an independent predictor of 
mortality in our original cohort (28), we can speculate that 
the hypercoagulable state and endothelial dysfunction asso-
ciated with diabetes (42), among others, could substantially 
contribute to increased morbidity and mortality in patients 
with COVID-19. Further research is needed to confirm this 
hypothesis.

Of great interest are the results on durability of re-
sponses after SARS-CoV-2 in the presence of diabetes. 
The durability of the immune response to SARS-CoV-2 
is critical for understanding community outbreaks and 
serologic testing data, and to predict the longevity 
of vaccine protection. There is cumulative evidence 
showing that after SARS-CoV-2 infection the kinetics 
of the humoral response follows a classical pattern, and 
late responses are characterized by low or sometimes un-
detectable levels of IgM and modest IgA, but, at least 
up to 6  months, a mostly a robust IgG response asso-
ciated with neutralizing activity (2, 43-46). Similar re-
sults have recently been reported after vaccination, even 
if with shorter follow-up (47). Whether the presence of 
comorbidity like diabetes affects the durability of the re-
sponse is still unknown.

A major strength of our study is that deeply charac-
terized a cohort of subjects with COVID-19 pneumonia 
for the Nab and Ig responses against multiple antigens 
of SARS-CoV-2. However, our study has some limita-
tions. First, our cohort is limited to hospitalized patients 
and results could be different in SARs-CoV-2 infection 
with few symptoms. Second, due to feasibility consider-
ations, we limited the analysis of Nabs to 150 out of 509 
subjects of the original cohort. The selected subcohort 
appears superimposable to the original cohort as for 
age (64 ± 14 vs 63 ± 14), sex (male 69.3% vs 65.3%), 
diabetes prevalence (26.7% vs 27.2%), and clinical out-
come (admission to intensive care unit 16% vs 15.4%, 
death 19.3% vs 18.4%). Despite this, we cannot exclude 
selection bias. Third, as the study included subjects with 
characteristics of type 2 diabetes, we should be cautious 
in generalizing our findings to persons with other type 
of diabetes. Moreover, the definition of newly diagnosed 
diabetes does not exclude stress-induced hyperglycemia Ta
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that may have resolved during follow-up. A total of 18 
subjects were classified as newly diagnosed diabetes. 
Among these, 7 died, and a valid glucose measure during 
follow-up was not obtained for 1. Of the remaining 10 
subjects, 3 showed normalization of glucose concentra-
tion (30%), while 7 were confirmed as having diabetes 
(n = 3, 30%) or impaired fasting glycemia (IFG) (n = 4, 
40%). The numbers are too small to differentiate the 2 
conditions for the clinical outcome, or the kinetics and 
durability of the neutralizing antibody response to SARS-
CoV-2. Fourth, even if we detected efficient and durable 
antibodies against SARS-CoV-2 after infection in patients 
with diabetes, we know little about the cellular response 
in these patients.

In conclusion, much evidence indicates that subjects 
with diabetes carry an adjusted OR of 3 to 4 for hospi-
talization, illness severity, and mortality compared with 
those without diabetes. It is clear from our study that dia-
betes or high blood sugar does not impair the efficiency 
of the humoral immune response against SARS-CoV-2. 
Concordantly, preliminary and still limited data showed 
similar vaccine efficacy across subgroups defined by the 
presence of coexisting diabetes (48). These findings provide 
the rationale to include patients with diabetes in the early 
phase of the vaccination campaign against SARS-CoV-2, 

also considering their increased risk of mortality from 
COVID-19 pneumonia.
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