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Abstract

Background

The health care workers are prone to COVID-19 infection as they are working in front line; thus, they are in priority groups
for vaccination. This study aimed to assess the level of anti-Spike antibody 2 weeks after 3 doses of COVID-19 vaccine among
health care workers (HCW).

Methods
A cross-sectional descriptive study was conducted in July 2022 among health care workers (HCW) who received COVID-19
vaccine 3 doses. Data were collected by using standardized forms and analysis was done.

Results

A total of 42 HCW were included; the mean anti-Spike antibody level was 3734.19 U/mL. Female had higher anti-Spike
antibody level than male, 4857.67 U/mL and 3427.78 U/mL respectively. HCW with diabetes mellitus had significantly higher
anti-Spike antibody level 6740.00 U/mL than those without diabetes mellitus 2884.00 U/mL. Anti-Spike antibody level in
smokers (3376.42 U/mL) was lower than that of non-smoker (3845.99 U/mL). HCW with history of COVID-19 infection had
higher anti-Spike antibody level (4013.79 U/mL) than that of those without infection (3524.48 U/mL); those with history of
COVID-19 infection in fourth wave (The Omicron outbreak,; 6 months ago) had higher antibody level (4013.79 U/mL) than
that of those with history of infection in third wave only (The Delta outbreak; one year ago) (3524.48 U/mL). HCW who got
vaccinated in the afternoon had higher antibody level (4350.77 U/mL) than who got in the morning (2912.07 U/mL). Negative
relation was detected between time from last vaccination to anti-Spike protein antibody level though it was not statistically
significant. Significant predictors for anti-Spike antibody level on univariable analysis were BMI and presence of diabetes.

Conclusions

Anti-Spike antibody level was significantly related with BMI and diabetes mellitus; those with high BMI and diabetes mellitus
had higher level of antibody. Anti-Spike antibody level was relatively higher in female; non-smokers; those with COVID-19
infection particularly in fourth wave (The Omicron infection), those with shorter duration from last vaccination; and those
who got vaccination in the afternoon although it was not significant statistically.
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Background

Vaccine program has been launched in Myanmar since January
2021; Covaxin and Covishield were the two main vaccines avail-
able initially. Later, Sinopharm, Sinovax, Sputnik, Pfizer, Mod-
erna, Johnson and Johnson has been accessible. First, two doses
were given with the interval of 4-6 weeks. All the HCW were con-
sidered as at risks group and given vaccination in priority group;
first dose of vaccine in January/February 2021 and second dose in
March/April 2021. Third and fourth doses were given 5-6 months
apart depending on availability of vaccine. As of early April 2021,
50% of total population of Myanmar got one dose; and, 40% of
total population received 2 doses of vaccine. In August 2021, 50%
of total population of Myanmar got two doses [1]. Booster vacci-
nation was given to high-risk persons like HCW.

Vaccine stimulates the individual to produce protective antibody
level. It begins few days after vaccination; then, the level contin-
ues to rise till 6 months. The protective antibody response, both
quantity and quality, was found to be better in vaccinated indi-
viduals than that of natural infection; vaccination elicits robust
SARS-CoV-2-specific immune memory regardless of prior infec-
tion. The antibody level was 17 times higher in mRNA vaccinated
individuals; therefore, the neutralization activities was better than
those from natural infections [2]. The neutralizing activity of vac-
cine-elicited antibodies was more targeted to the receptor-binding
domain (RBD) of the SARS-CoV-2 spike protein compared to an-
tibodies elicited by natural infection [3, 4]. The combination of a
previous SARS-CoV-2 infection and vaccination, hybrid immuni-
ty, seemed to confer the greatest protection against SARS-CoV-2
infections [5, 6]. Regarding duration of protectivity, infection-ac-
quired immunity boosted with vaccination lasted more than 1 year
after infection [7, 8].

The efficacy varies with type of vaccine; 70% for Covaxin, 90%
for Covishield, and 94% for Sputnik V and Sputnik Light. The
immunity was said to be lasted for 6 months. Clinical efficacy
had been mentioned in several studies. The clinical efficacy of
Covaxin was 81% in Bharat Biotech report [9]. Sinopharm and
Sinovax are similar to Covaxin. Covidshield is structurally similar
to AstraZeneca. Efficacy at preventing disease by AstraZeneca was
85% [10]. A large-scale study in India armed forces following
completed Covishield vaccine revealed nearly 93% reduction in
prevalence of Covid infections; and, reduction in COVID-related
deaths by 98 % [11]. The protective effect of Sputnik V was 94%;
Johnson and Johnson were 98%.

SARSCoV?2 virus has been mutating producing new strain, new
variant and subtype; new strain alters the efficacy of vaccine. The
effect of Covaxin on alpha & delta strain became low it was 68%
to 78% in one study [10, 12]. Studies from different countries
mentioned vaccine effectiveness against severe disease and mild
disease [13]. The protective efficacy as well as the duration of pro-

tection was changing. Not only the findings from England but also
from US confirmed that second booster (fourth dose) had high pro-
tection rate 80% in first 6 months; the duration of protection waned
over time [15]. In recent CDC report, after the first booster shot,
vaccine effectiveness against severe illness with Omicron variants
was 68% in the first six months; then, it declined to 52% after 6
months [14].

The time of the day of vaccination determines antibody response
because of circadian clocks in the adaptive immune response [16].
The magnitude of the anti-Spike antibody response was found to
be associated with the time of day of vaccination, vaccine type,
age, sex, and days post-vaccination [17]. They also pointed out
the importance of timing; HCW who received the SARS-CoV-2
vaccine in the afternoon had higher antibody level than those who
were vaccinated in the morning [17].

Breakthrough infection (BTI) among HCW was reported globally
because they were the front-line workers in COVID-19 pandemic
[18, 19, 20, 21]. The prevalence of breakthrough infection varied
from one country to another; it differed even within same country
with same vaccine with different study site [19, 22, 23]. Previous
report from Myanmar revealed that one in four physicians who had
two doses of vaccine had BTI [24]. Moreover, BTI due to the Omi-
cron variant were found in early 2022 in Myanmar [25]. Therefore,
the data on the anti-Spike antibody which directly reflected the
protective efficacy of 3 doses of COVID-19 vaccine in health care
workers working in acute care hospital was urgently required in
Myanmar. Therefore, this study aimed to assess the level of the an-
ti-Spike antibody to 3 doses of COVID-19 vaccine among health
care workers (HCW) who were working in acute care hospital in
Yangon, Myanmar.

Methods

Study design and population

A cross-sectional descriptive study was conducted in July 2022.
HCW working in acute care hospital who had 3 doses of COVID-19
vaccine, the last dose at least 2 weeks ago was included after get-
ting informed consent. This study was approved by the Hospital
Research and Ethics Committee of No.(1) Defence Services Gen-
eral Hospital (1000-Bedded) Megalodon, Yangon.

Data collection and procedure

Demographic characteristics (sex, age, height, weight, smoking
status) and comorbidity (hypertension, diabetes mellitus) were
collected using a standardized case report form. The name of each
COVID-19 vaccine, date of each vaccination, timing of the day
of vaccination of the last dose, timing of SARS-CoV-2 infection,
and, blood level of anti-Spike antibody was recorded. The data
were checked by two medical officers and then, supervision, com-
pleteness, and consistency of collected data were performed by the
principle investigator.
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Anti-Spike antibody was measured according to ‘Double-antigen
sandwich principle’. Total duration of assay was 18 minutes. For
first incubation, 20 pL of sample, biotinylated SARS CoV 2 S
RBD specific recombinant antigen and SARS CoV 2 S RBD spe-
cific recombinant antigen labeled with a ruthenium complex) were
done to form a sandwich complex. Then, second incubation was
performed after addition of streptavidin-coated microparticles, the
complex becomes bound to the solid phase via interaction of biotin
and streptavidin. The reaction mixture was aspirated into the mea-
suring cell where the microparticles were magnetically captured
onto the surface of the electrode. Next, unbound substances were
removed with ProCell/ProCell M. Later, application of a voltage
to the electrode to induce chemiluminescent emission was done;
it was measured by a photomultiplier. Finally, the results were de-
termined via a calibration curve, instrument specifically generated
by 2 point calibration; and, a master curve was provided via the
reagent barcode or e barcode. These samples were measured by
using Cobas E411 immunoassay analyzer.

Algorithm

Initial Sample
(52 HCWs)

—-

hd

Working Definition

Body mass index (BMI) was a person’s weight in kilograms di-
vided by the square of height in meters, an indicator of body fat-
ness. BMI was categorized as underweight (<18.5 kg/m?), normal
weight (18.5 to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m?) and
(>30.0 kg/m?) obese. Comorbidity was a presence of more or addi-
tional medical conditions or diseases in COVID-19 patients.

Smoking status was classified into smoker and non-smoker. Smok-
er was defined if HCW was still smoking at the time of estima-
tion of blood test irrespective of duration of smoking. Nonsmoker
was defined if HCW stopped smoking at the time of estimation of
blood test irrespective of duration of quitting.

History of COVID-19 infection was defined if HCW had signs and
symptoms of COVID-19 infection with positive nasopharyngeal
swab tests either with rapid test or PCR method.

Incomplete data (6)

Complete data (46)

ﬁ

Y

Qutliers (4)

Analysis (42)

Statistical Analysis

Total samples of 42 HCW were analyzed by SPSS version 26.0
for MacOS. Descriptive statistics was done, continuous variables
were assessed normality by Shapiro-Wilk test. Normally distribut-
ed data were expressed in mean + SD and non-normal data were
expressed as Median (IQR). Categorical data were expressed in
frequency and percentage. Antibody differences between sex, and
history of covid infection, smoking and time of vaccination were
compared by independent t test, BMI groups by one-way ANOVA
test and expressed in mean + SD, and differences between diabetes
status were assessed by Mann-Whitney U test. Univariable and
multivariable analysis was used by linear regression. P value <
0.05 was used as significant level.

Results
Final analysis was done in 42 HCW. The proportion of different
types of vaccine received by HCW were Covaxin 88%, Sinopharm

70%, Covishield 84% and Sputnik V 30%. Table (1) demonstrates
baseline characteristics. The mean age was 40.55 + 8.93 years;
the youngest was 21 years and the eldest was 63 years. Most of
them were male; male 33 (78.6%) and female 9 (21.4 %). The
median BMI and (IQR) were 24.30 (22.51 — 26.64) kg/m?; the
lowest BMI was 18.7 kg/m? and the highest was 40 kg/m2. Nine
HCW (21.4%) had comorbidity; seven HCW (16.7 %) had type
2 diabetes mellitus. Ten HCW (23.8 %) were smokers. Eighteen
HCW (42.9 %) had history of covid 19 infection; and, the median
duration from last known infection was 189.00 days (IQR; 177.00
—397.25). Median duration from last vaccination was 86.00 (IQR,
29.25 —141.00) days. Regarding time of the day of vaccination, 18
HCWs (42.9 %) were vaccinated in the morning and 24 (57.1 %)
in the afternoon. The mean anti-Spike antibody level was 3734.19
+2470.43.
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Table (1) Baseline characteristics of HCW (n=42)

Characteristics Descriptive data

Age (yr) (Mean + SD) 40.55+8.93

Female, n (%) 9(21.4)

BMI (kg/m2) (Median, IQR) 24.30 (22.51 — 26.64)
Comorbidity, n (%) 9(21.4)

Diabetes mellitus, n (%) 7 (16.7)

Smoker, n (%) 10 (23.8)

Previous covid infection, n (%) 18 (42.9)

Duration from Last known infection (days), (Median, IQR) (n=18) | 189.00 (177.00 — 397.25)
Duration from Last Vaccination (days), (Median, IQR) 86.00 (29.25 — 141.00)
Time of vaccination, n (%)

Morning 18 (42.9 %)

Afternoon 24 (57.1 %)
Anti-Spike Antibody, U/mL (Mean + SD) 3734.19 +2470.43

Table (2) reveals association between anti-Spike antibody level + 2678.92 U/mL); however, it was not significantly different [t
and sex. Female (Mean £+ SD) (4857.67 + 2678.92 U/mL) had (40)=-1.566, p =0.125].
higher anti-Spike antibody level than male (Mean + SD) (4857.67

Table (2) Anti-Spike antibody level in both sex (n=42)

Sex N | Anti-Spike Antibody level (Mean = SD) | Mean Difference | 95 % CI t value | P value
Male 33 | 3427.78 +£2360.83 - 1429.89 -3275.07-415.30 | -1.566 | 0.125
Female | 9 4857.67 +2678.92

Independent t test

Table (3) reveals association between anti-Spike antibody level overweight group and 5188.50 U/mL in obese group; increasing
and BMI status. Anti-Spike antibody level in HCW with various antibody level with increasing BMI and it statistically significant
BMI were 3027.21 U/mL in normal BMI group, 5141.42 U/mLin  (p = 0.028).

Table (3) Anti-Spike antibody level and BMI status (n=42)

BMI N | Anti-Spike Antibody level (Mean + SD) | t value | P value
Normal 28 | 3027.21 +£2334.90 3.932 | 0.028
Overweight 12 | 5141.42 £2260.80

Obese 2 | 5188.50 +2470.43

One way ANOVA test

Table (4) shows association between anti-Spike antibody level (Median: 6740.00; IQR: 4731.00 — 7500.00 U/mL). Those without
and presence of diabetes mellitus; strikingly HCW with diabetes diabetes had low level (Median: 2884.00; IQR: 1558.00 — 5000.00
mellitus had significantly higher level of anti-Spike antibody level ~U/mL), (U = 34, p = 0.003).

Table (4) Anti-Spike antibody level and status of diabetes mellitus (n=42)

DM N | Anti-Spike Antibody level Median (IQR) | t value | Z value | P value
Yes 7 6740.00 (4731.00 — 7500.00) 34 -2.987 |0.003
No 35 | 2884.00 (1558.00 — 5000.00)

Mann-Whitney U test

Anti-Spike antibody level in smokers (Mean = SD) (3376. 42 £ 2483.05 U/mL); nonetheless, smoking status did not make signifi-
2525.69 U/mL) was lower than that of non-smoker (3845.99 + cant difference [t (40) = 0.520, p = 0.606]. It is shown in Table (5).
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Table (5) Anti-Spike antibody level and status of smoking (n=42)

Smoking status | N | Anti-Spike Antibody level (Mean + SD) | Mean Difference | 95 % CI | t value | P value
Smoker 10 | 3376.42 +2525.69 465.57 -1355.60 | 0.520 0.606
Non-smoker |32 | 3845.99 +2483.05 e

Independent t test

Table (6) highlights association between anti-Spike antibody level
and presence of history of past covid infection. Mean anti-Spike
antibody level in HCW with history of covid infection was higher

(4013.79 + 2427.99 U/mL) than that of those without history of
covid infection (3524.48 + 2532.77 U/mL). Nevertheless, it was
not statistically significant [t (40) =0.631, p = 0.532].

Table (6) Anti-Spike antibody level and history of Covid-19 infection status (n=42)

History of Covid | N | Anti-Spike Antibody level (Mean + SD) | Mean Difference | 95 % CI | t value | P value
Yes 18 | 4013.79 +2427.99 489.31 -1079.08 | 0.631 0.532
No 24 |3524.48 +2532.77 — BT

Independent t test

Mean anti-Spike antibody level in HCWs who got vaccinated in
the afternoon (Mean + SD) (4350.77 + 2387.16 U/mL) had higher
antibody levels than who got in the morning (2912.07 + 2933.96

U/mL). However, it was not statistically different [t (40) = -1.929,
p =0.061]. It is demonstrated in Table (7).

Table (7) Anti-Spike antibody level and vaccination injection time of day (n=42)

Injection Time of day | N | Anti-Spike Antibody level Mean + SD | Mean Difference | 95 % CI | t value | P value
Morning 18 | 2912.07 +2933.96 -1438.70 74595 - | -1.929 | 0.061
Afternoon 24 | 4350.77 +2387.16 sl

Independent t test

HCW with history of covid infection in fourth wave (The Omi-
cron) had higher antibody level (Mean + SD) (4013.79 + 2427.99
U/mL) than that of those with history of covid infection in third
wave (The Delta) (3524.48 +2532.77 U/mL).

Table (8) illustrates the independent predictors for anti-Spike an-
tibody level in HCW. The BMI was not significantly different be-

tween HCW with diabetes median (IQR): 24.30 (21.00 — 25.54)
kg/m2 and those without diabetes: 27.73 (22.03 — 29.38) kg/m2,
[U=75,P=0.109]. Collinearity statistics was also done for BMI
and diabetes status; [tolerance = 0.902 and variant inflation fac-
tor = 1.109]. Figure (1) shows correlation between BMI level and
anti-Spike antibody level. And, Figure (2) shows association be-
tween present of diabetes and anti-Spike antibody level.

Table (8) Independent predictors for anti-Spike antibody level

Predictors Univariable Multivariable
B Adjusted R? | P value | B Adjusted R* | P value

Age 79.26 0.059 0.066

Sex (Female) 1429.89 | 0.034 0.125

BMI 216.88 0.130 0.011 149.44 0.248 0.068
Diabetes 3075.55 |0.221 0.002 | 2526.81 0.248 0.010
Smoking -469.57 |-0.018 0.606

History of covid infection 489.31 -0.015 0.532

Duration from infection 5.85 0.026 0.247

Duration from vaccination -7.91 0.020 0.181

Time vaccination 1438.70 | 0.062 0.061
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Figure (1) Correlation between BMI and anti-Spike antibody level
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Figure (2) Association between presence of type 2 diabetes and anti-Spike antibody level (0 = Absence of type 2 diabetes, 1 = Pres-

ence of type 2 diabetes)
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Significant predictors for anti-Spike antibody level on univariable
analysis were BMI (3 =216.88,P=0.011, adjusted R*=0.130) and
presence of diabetes (B =3075.55, P=0.002, adjusted R*=0.221).
The anti-Spike antibody level was not associated with age (B =
79.26, P =0.066, adjusted R? = 0.059), sex (female) (B = 1429.89,
P = 0.125, adjusted R? = 0.034), smoking status (B = -469.57, P
= 0.606, adjusted R? = -0.018), history of covid infection (B =
489.31, P=0.532, adjusted R? =-0.015), duration from last vacci-
nation (f =-7.91, P=0.181, adjusted R* = 0.020) and time of the
day of vaccination (afternoon) ( = 1438.70, P = 0.0061, adjusted
R?=0.062). In multivariable analysis, only the diabetes status was
the significant predictor for anti-Spike antibody level.

Discussion

This descriptive study involved 42 HCW working in acute care
hospital (1,000 bedded) in Yangon. The study was done in August
2022, early fifth wave of COVID-19 infection in Myanmar. The
mean anti-Spike antibody level of study population was 3734.19
U/mL. Mean anti-Spike protein antibody level of male and female
was 3427.78 U/mL and 4857.67 U/mL respectively. Although an-
ti-Spike protein antibody level was higher in female, it was not
statistically significant. However, anti-Spike antibody level of fe-
male was higher than that of study population 4857.67 U/mL vs
3734.19 U/mL. Therefore, it proved that female had higher anti-
body positivity following COVID-19 vaccination [17, 26]. Mean
age was 40.6 + 8.9 years as the study was done in working age
group. Therefore, the age effect ‘older age group had lower anti-
body response’ could not be seen here [17, 26].

There was significant positive relation between BMI and an-
ti-Spike protein antibody level. It overlooked previous reports;
obese individual had decrease antibody positivity and higher BMI
was associated with lower titers of SARS-CoV-2 spike antibodies
in men, but not in women [26, 27, 28, 29]. Following COVID-19
infection, those with high BMI had good antibody response [24,
30]. In this study, anti-Spike antibody level was higher in those
with higher BMI; therefore, it confirmed the finding which showed
the BMI was positively related with antibody level following vac-
cination and infection [31]. Further study with larger sample size
is needed for this controversial issue.

The HCW with diabetes mellitus in this study had significantly
higher level of anti-Spike antibody level (6740.00 U/mL); those
without diabetes had low level (2884.00 U/mL). It was higher than
the mean anti-Spike antibody level of study population (3734.19
U/mL). Statistically significant higher level of anti-Spike antibody
level in HCW with diabetes mellitus neglected previous findings;
patients with comorbidity had low antibody response to COVID-19
vaccine [26, 32]. Having high anti-Spike antibody level in HCW
with diabetes mellitus might probably related with the mean BMI
of HCW with diabetes mellitus. However, there was no significant
difference in BMI between HCWs with diabetes and those without
diabetes proved by collinearity statistics. Therefore, HCW with di-
abetes mellitus were having high positive response to COVID-19
vaccine which was not related with BMI status in this study. It

pays little attention to previous report that subjects with diabetes
mellitus had poor antibody response to COVID-19 vaccine [33].

Anti-Spike antibody levels in smokers (3376.42 U/mL) was low-
er than that of non-smoker (3845.99 U/mL); nonetheless, smok-
ing status did not make significant difference. It was lower than
that study population (3734.19 U/mL). Therefore, confirmed the
previous report “smokers were found to have low response to
COVID-19 vaccine” [17].

The anti-Spike antibody level in HCWs with history of COVID-19
infection was higher (4013.79 U/mL) than that of those without in-
fection (3524.48 U/mL); nevertheless, it was not significant from
statistical point of view. However, it was higher than the mean an-
ti-Anti-Spike antibody level of study population (3734.19 U/mL).
Generally, antibody begin to rise within the first few days follow-
ing an infection with COVID-19 or after the vaccine. Later, the
level steadily increases in concentration till 6 months; then, they
decline gradually [34]. In this study, time from last COVID-19 in-
fection was 257 days, over 8 months. Therefore, it was not strange
that there was no relation between history of known COVID-19
infection and timing from known COVID-19 infection with an-
ti-Spike protein antibody level. In other words, the effect of hybrid
immunity was not clearly seen in this study due to time factor [4].
HCW with COVID-19 infection in fourth wave (The Omicron)
had higher antibody level (4013.79 U/mL) than that of those in
third wave (The Delta) (3524.48 U/mL). In Myanmar, fourth wave
(The Omicron) was just 5-6 months before the study i.e., Febru-
ary 2022; and, third wave (The Delta) was 10-12 months ago i.e.,
August 2021.

Furthermore, negative relation was detected between time from
last vaccination to anti-Spike protein antibody level; not statisti-
cally significant. However, it provided the evidence to previous
findings- antibody response decreased over time particularly after
6 months i.e., waning immunity in all age groups after six months
[6]. It demonstrated that the protective efficacy of vaccine de-
creased with time [34].

Anti-Spike antibody levels in HCWs who got vaccination in the
afternoon (4350.77 U/mL) had higher antibody levels than who
got in the morning (2912.07 U/mL); not statistically different.
However, it was higher than the mean anti-Spike antibody level
of study population (3734.19 U/mL). Therefore, it generally con-
firmed the finding “HCW who received the SARS-CoV-2 vaccine
in the afternoon had higher antibody levels than those vaccinated
in the morning” [17].

Limitation of the study

Because of low resource setting, there were several limitations.
The sample size is not large; future larger studies are required par-
ticularly relation between anti-Spike antibody level and BMI and
diabetes mellitus. Moreover, serial estimation of anti-Spike anti-
body level monthly would be helpful to determine exact timing
of peak level and lowest level to recommend the best timing for
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booster doses. In addition, the study should also include both cel-
lular and humoral responses following vaccination. In this study,
7 different types of vaccine produced from various countries were
included. The potency of vaccine in terms of anti-Spike antibody
level should be compared with 2 different types of vaccine.

Conclusion

The level of anti-Spike antibody to 3 doses of COVID-19 vaccine
in health care workers working in acute care hospital was signifi-
cantly related with BMI and diabetes mellitus. Those with high
BMI and presence of diabetes mellitus had significantly higher
level of anti-Spike antibody. Though it was not statistically signifi-
cant, the anti-Spike antibody level was relatively higher in follow-
ings: female; non-smokers; those with COVID-19 infection; those
with shorter timing from last infection (The Omicron infection);
those with shorter duration from last vaccination; and those who
got vaccination in the afternoon.
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