
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 193e196
Contents lists avai
Diabetes &Metabolic Syndrome: Clinical Research & Reviews

journal homepage: www.elsevier .com/locate/dsx
Impaired anti-SARS-CoV-2 antibody response in non-severe COVID-19
patients with diabetes mellitus: A preliminary report

Rimesh Pal a, Naresh Sachdeva a, **, Soham Mukherjee a, Vikas Suri b,
Deepy Zohmangaihi c, Sant Ram c, Goverdhan Dutt Puri d, Ashish Bhalla b, Shiv Lal Soni d,
Navin Pandey e, Anil Bhansali a, Sanjay Kumar Bhadada a, *

a Department of Endocrinology, Post Graduate Institute of Medical Education and Research, Chandigarh, 160012, India
b Department of Internal Medicine, Post Graduate Institute of Medical Education and Research, Chandigarh, 160012, India
c Department of Biochemistry, Post Graduate Institute of Medical Education and Research, Chandigarh, 160012, India
d Department of Anesthesiology, Post Graduate Institute of Medical Education and Research, Chandigarh, 160012, India
e Department of Hospital Administration, Post Graduate Institute of Medical Education and Research, Chandigarh, 160012, India
a r t i c l e i n f o

Article history:
Received 15 December 2020
Received in revised form
18 December 2020
Accepted 20 December 2020

Keywords:
COVID-19
T2DM
Humoral immunity
Antibodies
* Corresponding author.
** Corresponding author.

E-mail addresses: naresh.sachdeva@outlook.com
rediffmail.com (S.K. Bhadada).

https://doi.org/10.1016/j.dsx.2020.12.035
1871-4021/© 2020 Diabetes India. Published by Elsev
a b s t r a c t

Background and aims: Patients with diabetes mellitus (DM) often demonstrate impaired antibody
response to influenza/hepatitis B vaccines. Hence, we compared anti-SARS-CoV-2 antibody response in
non-severe COVID-19 patients with and without type 2 diabetes mellitus (T2DM).
Methods: Records of non-severe COVID-19 patients admitted at our institution between April 10, 2020
and May 20, 2020 were retrieved. Qualitative detection of total (IgG þ IgM) anti-SARS-CoV-2 antibody
was performed using electrochemiluminescence immunoassay in plasma samples collected at least 14
days post-polymerase chain reaction (PCR) confirmation of diagnosis.
Results: Thirty-one non-severe COVID-19 patients were included. Nine patients (29%) had T2DM with
mean HbA1c at admission of 8.3 ± 1.0%. Anti-SARS-CoV-2 antibody was estimated at a median of 16 (14
e17) days post-PCR confirmation of COVID-19 diagnosis. Only three patients (10%) were seronegative,
and all had T2DM. Patients with T2DM were more likely to have non-detectable anti-SARS-CoV-2 an-
tibodies than those without DM (p ¼ 0.019).
Conclusions: COVID-19 patients with T2DM may not undergo seroconversion even after two weeks of
diagnosis. Impaired seroconversion could theoretically increase the risk of reinfections in patients with
DM. However, the finding requires validation in large-scale studies involving serial estimations of anti-
SARS-CoV-2 antibodies in patients with and without DM.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Diabetes mellitus (DM) is associated with a high risk of severe
disease, acute respiratory distress syndrome, intensive care unit
admissions, and eventual mortality from the novel coronavirus
disease (COVID-19) [1,2]. It has also been hypothesized that DM
might increase the chances of reinfections with COVID-19 [3]. In
line with this hypothesis, several cases of clinical recurrences of
COVID-19 and/or positive real time-polymerase chain reaction (RT-
(N. Sachdeva), bhadadask@

ier Ltd. All rights reserved.
PCR) re-positives have been reported in patients with DM [4e8].
Infection with SARS-CoV-2 leads to the generation of neutral-

izing antibodies essential for preventing reinfections [9,10]. A
robust adaptive immune response and immunological memory are
critical for the generation of neutralizing antibodies. Patients with
DM have compromised adaptive immune system and often
demonstrate impaired antibody response to influenza and hepatitis
B vaccines, particularly those with poor glycemic control [11,12].
Similarly, seroconversion might also be impaired in COVID-19 pa-
tients with DM.

Hence, we planned to compare the anti-SARS-CoV-2 antibody
response in non-severe COVID-19 patients with and without type 2
diabetes mellitus (T2DM).
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Table 1
Showing comparison of demographic/clinical parameters and anti-SARS-CoV-2 antibody status in non-severe COVID-19 patients with and without T2DM.

With T2DM (n ¼ 9) Without T2DM (n ¼ 22) p value

Age (years) [median (IQR)] 30.0 (24.5e40.5) 55.0 (46.0e61.5) 0.001
Male:Female 4:5 1:1 1.000
Fever 7 (78%) 13 (59%) 0.429
Cough 3 (33%) 3 (14%) 0.320
Sore throat 1 (11%) 6 (27%) 0.639
Shortness of breath 2 (22%) 1 (4%) 0.195
Asymptomatic 2 (22%) 7 (32%) 0.689
Disease severity *
� Mild 7 (78%) 21 (96%) 0.195
� Moderate

2 (22%) 1 (4%)
HTN 6 (67%) 1 (4%) 0.001
CKD 1 (11%) 0 (0%) 0.290
HbA1c (%)
(mean ± SD)

8.3 ± 1.0%. e e

Day of antibody testing post-PCR confirmation of diagnosis [median (IQR)] 15.0 (14.0e17.0) 16.0 (14.0e17.2) 0.450
Anti-SARS-CoV-2 antibody status
� Positive 6 (67%) 22 (100%) 0.019
� Negative

3 (33%) 0 (0%)

*Disease severity as advocated by the Government of India, Ministry of Health and Family Welfare.
T2DM: Type 2 diabetes mellitus; HTN: Hypertension; CKD: Chronic kidney disease; PCR: Polymerase chain reaction; HbA1c: Glycated hemoglobin; SD: Standard deviation;
IQR: Interquartile range.
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2. Methods

In this retrospective observational study, the records of patients
with non-severe COVID-19 (mild/moderate disease) [13] admitted
at our institution between April 10, 2020 and May 20, 2020 were
initially retrieved. The diagnosis was based on the detection of viral
RNA using real-time reverse transcription polymerase chain reac-
tion (TaqPath COVID-19 RT-PCR, Applied Biosystems) in nasopha-
ryngeal swab specimens. Patients who had undergone detection of
anti-SARS-CoV-2 antibody in plasma samples collected at least 14
days post-PCR confirmation of diagnosis were finally selected. The
anti-SARS-CoV-2 antibody was measured using Electro-
chemiluminescence Immunoassay (Elecsys Anti-SARS-CoV-2 assay,
Elecsys Cobas e 801 analyzer, Roche Diagnostics, Mannheim, Ger-
many). The assay has a sensitivity and specificity of 100% and
99.81%, respectively, and is approved by the US-FDA and the Indian
Council of Medical Research for the qualitative detection of total
anti-SARS-CoV-2 antibodies (IgM þ IgG) [14]. A cutoff index �1.0
qualified as a reactive test (positive for anti-SARS-CoV-2 anti-
bodies). In addition, glycated hemoglobin (HbA1c) was measured in
patients with a history of T2DM using a DCCT-standardized HPLC
Table 2
Showing comparison of non-severe COVID-19 patients with T2DM having a positive ant

Parameter Anti-SARS-Co

Age (years)
(mean ± SD)

54.0 ± 7.6

Male:Female 1:1
Disease severity *
� Mild 6 (100%)
� Moderate

0 (0%)
HTN 4 (67%)
CKD 0 (0%)
HbA1c (%)
(mean ± SD)

7.9 ± 0.5

Duration of T2DM (years)
(mean ± SD)

4.0 ± 2.5

Day of antibody testing post-PCR confirmation of diagnosis (mean ± SD) 16.5 ± 3.0

*Disease severity as advocated by the Government of India, Ministry of Health and Fam
T2DM: Type 2 diabetes mellitus; SD: Standard deviation; HbA1c: Glycated hemoglobin;
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based analyzer (Variant II Turbo, Bio-Rad). The study was approved
by the Institute Ethics Committee, Post Graduate Institute of
Medical Education and Research, Chandigarh, India.

Statistical analysis was carried out using the Statistical Package
For The Social Sciences (SPSS) version 23.0 software (SPSS Inc.,
Chicago, IL, USA). The normality of data was checked using the
Shapiro-Wilk test. Normally distributed data were expressed as
mean ± SD while non-parametric data were expressed as median
(interquartile range, IQR). Comparisons between patients with and
without T2DM were made using Independent Samples t-test/
Mann-Whitney U test (for continuous variables) or Pearson Chi-
square/Fisher’s Exact test (for categorical variables). A p
value < 0.05 was considered statistically significant.
3. Results

Thirty-one non-severe COVID-19 patients with antibody assay
performed at least 14 days after confirmation of diagnosis were
included. The baseline characteristics have been summarized in
Supplementary Table 1. Of note, the median (IQR) age was 38
(27e55) years, with 15 patients beingmale. Nine patients (29%) had
i-SARS-CoV-2 antibody response and those having a negative antibody response.

V-2 antibody positive (n ¼ 6) Anti-SARS-CoV-2 antibody negative (n ¼ 3) p value

55.7 ± 11.8 0.804

1:2 1.000

1 (33%) 0.083

2 (67%)
2 (33%) 1.000
1 (33%) 0.333
9.1 ± 1.4 0.193

7.0 ± 1.7 0.109

14.6 ± 1.1 0.285

ily Welfare.
PCR: Polymerase chain reaction.
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a history of T2DMwith amedian (IQR) duration of the disease being
5 (3e8) years. The demographic and clinical parameters of patients
with and without T2DM have been summarized in Table 1. Notably,
patients with T2DM were older and more likely to have hyper-
tension. The mean HbA1c at admission was 8.3 ± 1.0%. The anti-
SARS-CoV-2 antibody was estimated at a median (IQR) of 16
(14e17) days post-PCR confirmation of COVID-19 diagnosis (range
14e22 days). Only three patients (10%) were negative for the SARS-
CoV-2 antibody, and all had T2DM. Patients with T2DM were more
likely to have non-detectable anti-SARS-CoV-2 antibodies than
those without DM (p¼ 0.019, Fisher’s Exact test). Although patients
with negative antibody status had higher HbA1c and a longer
duration of T2DM, we found no statistically significant differences
between the two groups of T2DM patients (Table 2).

4. Discussion

In this retrospective preliminary study involving 31 patients
with non-severe COVID-19, we found that patients with T2DM
were more likely to be negative for anti-SARS-CoV-2 antibodies
than those without DM. However, larger studies are required to
validate the finding.

Patients with DM are at an increased risk of poor prognosis with
COVID-19, which is partly explained based on immune dysfunction
seen in DM [2]. Both the innate and adaptive arms of the immune
system are compromised in patients with DM. The status of adap-
tive humoral immunity in DM is debatable; while some studies
have reported normal plasma immunoglobulin levels, others have
shown reduced levels of IgG/IgM [15,16]. B-lymphocytes require
accessory signals from T-helper cells to activate antibody-
producing plasma cells. T-helper cells have been reported to be
abnormally differentiated in individuals with T2DM [17]. Besides,
diminished pathogen-specific memory CD4þ T-cell number and
function seen in patients with uncontrolled DM are also likely to
adversely affect humoral immune response [18,19]. This is coupled
by the fact that COVID-19 is associated with T-cell exhaustion and a
significant decrease of T-cell activation, as determined by CD25,
CD28, and CD69 expression on CD4þ and CD8þ T-cell subsets [20].
Furthermore, an animal model has shown that IgM producing B-1
lymphocyte function is directly impaired by hyperglycemia [21].
Moreover, hypocomplementemia seen in patients with DM also
leads to impaired B-cell function and antibody generation [19].
Supporting these hypotheses, studies have shown impaired anti-
body response in patients with uncontrolled DM following influ-
enza and hepatitis B vaccinations [11,12].

Similarly, we found that patients with T2DMweremore likely to
be seronegative for the anti-SARS-CoV-2 antibody following initial
infection than those without DM even after two weeks (median 16
days) of diagnosis. Those who were seronegative had higher HbA1c
and a longer duration of T2DM, although statistical significancewas
not achieved likely because of the limited number of patients.
Nevertheless, the absence of seroconversion would theoretically
imply a high risk of reinfections with COVID-19. However, the
presence of antibodies does not necessarily guarantee protection
against reinfections, especially if the neutralizing activity of the
antibodies is not known. Besides, the neutralizing antibodies titers
may not be sufficient to counter the viral inoculum or that the
infecting viral strain may be substantially different to the first
infection and not recognized by the circulating antibodies [22].

We do respect the limitations of the study. First, the small
sample size is a significant drawback. Second, we did not estimate
IgG and IgM separately. However, the levels and the chronological
sequence of IgM and IgG antibody appearance are highly variable,
supporting the detection of both antibodies simultaneously, as in
the present study. Third, we did not have the provision for
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measuring antibody titers at our institution. Comparing absolute
antibody titers would havemade the studymore robust. Fourth, the
assay uses a recombinant protein representing the nucleocapsid
antigen; hence it can only detect antibodies against the nucleo-
capsid antigen and not against the spike protein. Nevertheless, the
detection of antibody against nucleocapsid antigen is more sensi-
tive than the antibody to spike protein [23]. However, anti-spike
antibodies that can block infection may be clinically more rele-
vant [24]. Fifth, 10e20% of symptomatically infected patients with
COVID-19 otherwise mount little or no antibody response [25].
Lastly, the possibility of delayed seroconversion in patients with
T2DM cannot be ruled out. Serial evaluation of antibody status at
weekly intervals might have been helpful in this regard.

5. Conclusions

In conclusion, COVID-19 patients with T2DM may not undergo
seroconversion even after two weeks of diagnosis. However, the
finding needs to be validated in large-scale studies involving serial
estimations of anti-SARS-CoV-2 antibodies in COVID-19 patients
with and without DM.
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