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The “severe acute respiratory syndrome coronavirus type 2”
(SARS-CoV-2) is also known as “coronavirus disease 19”
(COVID-19). It originated in Wuhan, Hubei province,
People’s Republic of China, in December 2019; and, it spread
worldwide causing a global pandemic. Genetic variants of
SARS-CoV-2 have been emerging and circulating around the
world throughout the COVID-19 pandemic namely the
original (wild-type), the Alpha variant, the Beta variant, the
Delta variant, and the Gamma variant. In third wave, the
notorious variant was the Delta variant; it was well-known for
quick transmissibility, causing high morbidity and mortality.
In late November 2021, the Omicron variant was first
detected in South Africa.

According to vaccination record, nearly half of the world
population had completed vaccination (World Health
Organization, 2022). In Myanmar, the vaccine coverage in
end of November 2021 was as follows: 30% of population
received one dose of vaccination; and, 21% had completed
vaccination- two doses. Then, the coverage rose to nearly
40% and 30% respectively in early January 2022 (Our World
in Data, 2022). The morbidity and mortality of SARS-CoV-2
infected cases may be better with increasing COVID-19
vaccine coverage; nonetheless, the transmissibility and
virulence of several variants and old Wild type leads to
breakthrough infections (BTIs). Therefore, information on
BTIs following COVID-19 vaccination was required in
Myanmar; vaccination status, the duration of symptom onset
to last dose of vaccination, clinical severity and outcome of
BTIs in relation to wild type, the Delta variant and the
Omicron variant. The findings will give some advice to the

national vaccine program particularly the requirement for
booster dose.

There were several reports on BTIs in relation to different
variant of SARS-CoV-2. The study from UK pointed out that
“the third/booster dose of vaccination offers substantial
additional protection against the risk of symptomatic
COVID-19 for being infected with the Omicron variant when
compared to > 25 weeks post second vaccine dose” (Sheikh
et al., 2021). In the outbreak report from Norway, the SARS-
CoV-2 Omicron variant was highly transmissible among fully
vaccinated young and middle-aged adults (Brandal et al.,
2021). Hansen et al. (2021) found that the Omicron variant
invaded COVID-19 vaccine more than the Delta variant.
The transmissibility of the Omicron variant compared to
other variants is not clearly known (World Health
Organization, 2021). The study from Norway, Brandal et al.,
(2021) revealed that the SARS-CoV-2 Omicron variant was
highly transmissible even among fully vaccinated young and
middle-aged adults. The omicron variant was at least twice as
contagious as delta and at least four times as contagious as
the original version of the coronavirus (UK Health Security
Agency, 2021). A new study on recent Ontario COVID-19
cases suggests the Omicron variant is less likely to cause
hospitalization or death than the Delta variant, but could
still significantly impact health-care systems due to its
high transmissibility (Public Health Ontario, 2021).
According to report on BTIs among physicians from
Myanmar during the third wave, the Delta epidemic, the
common symptoms were aches and pain, sneezing, runny
nose, headache, cough, and sore throat (Pyar et al., 2021).
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Running nose, sneezing (stuffy nose), sore throat, fatigue and
headache were top 5 symptoms found with the Omicron
variant infected persons, reported by (Zoe Covid Study
Group, 2022). They also found that the symptoms of the
Omicron variant infected persons were not statistically
different from those infected with the Delta variant where
only 50% of people experiencing the classic three symptoms
of fever, cough, or loss of sense of smell or taste. According
to (UK Health Security Agency, 2021), sore throat was seen
in half of the cases with the Omicron variant; however, it was
noted in one-third of the cases with the delta variant. They
also compared the symptoms; a loss of smell and taste was
less common among omicron cases compared to delta variant
cases.

Regarding the clinical severity of the variant, patients
infected with the Delta variant had moderate to severe status
with variable mortality depending mainly on clinical severity
and co-morbid status. Of clinical severity of the Omicron
variant, the reports were contradictory. The preliminary data
from South Africa suggested that not only the number of the
Omicron infected cases but also the number of cases to keep
in hospital were high; the cases were reported as severe
(World Health Organization, 2021). On the other hand, in
Scotland, early national data revealed that the Omicron
variant was associated with a two-thirds reduction in the risk
of COVID-19 hospitalisation when compared to Delta variant
(Sheikh et al., 2021). Hospitalisation risk from Omicron
infection was nearly one-third of Delta (UK Health Security
Agency, 2021). The researchers from California also pointed
out that the Omicron infected cases were less severe
(Lewnard et al., 2022); and, it was proved by one preprint
study (Wang et al., 2022). Omicron infections were
associated with a 91% reduction in risk of death compared to
the Delta variant (Lewnard et al., 2022). BTIs among
physicians from Myanmar during the third wave possibly the
Delta epidemic revealed that 90% of cases were mild; only
10% were severe and none of them was fatal (Pyar et al.,
2021).

Based on WHO severity score, the clinical severity of
COVID-19 infection was classified into four types: mild,
moderate, severe and critical. In mild category, patients have
symptoms only, CXR is normal and, SaO on air is normal.
In moderate category, CXR shows pneumonias and SaO; on
air is > 90%. In severe category, respiratory rate is > 30/min
and, Sa0; on air is < 92%. In critical disease category, the
patient has ARDS; he may have sepsis with multi-organ
dysfunction or septic shock or acute thrombosis (pulmonary
embolism, acute coronary syndrome, acute stroke).

Nasopharyngeal swabs were taken from both clinically
suspicious cases, contacts of COVID-19 PCR positive cases,
and healthy travelers coming to Myanmar at Mingaladon
airport, No.(1) Defence Services General Hospital (1000-
Bedded) and Defence Services Liver Hospital (300-Bedded),
Mingaladon COVID-19 treatment Hospital, from October

2021 to early January 2022; then, they were proceeded with
both Abbot COVID-19 Antigen Rapid Test Device and RT-
PCR. Then, they were differentiated with special tests for
variant.

Nasopharyngeal swabs were collected using plastic swab
with nylon flocked swabs, it was placed in a 3ml viral
transport media (Himedia, India). The virus RNA was
extracted using the magnetic beads method, according to the
instruction of the nucleic acid extraction kit (Bioer
MagaBioplus Virus DNA/RNA purification Kit Il, China).
SARS CoV-2 RNA detection was done by bioPerfectus
Nucleic Acid Detection Kit (bioPerfectus, Jiangsu
bioPerfectus Biotech Co.,Ltd, China). All SARS CoV-2
positive samples were tested with abTES™ COVID-19
Variant qPCR 1 kit (AIT biotech Pte-Ltd, Singapore), using
Applied Biosystem 7500 Fast Real Time PCR System
according to the manufacturer's instruction. abTES™
COVID-19 variant gPCR I kit differentiates wild and variant
SARS CoV-2 infection among all positive samples. After
that, SARS CoV-2 Alpha, Beta, Gamma, Delta & Omicron
variant infection among all SARS CoV-2 variant samples
were tested by GenXPro SARS CoV-2 ABGD variant
Detection Kit (GenXPro, Germany) and SARS CoV-2 variant
Omicron (B.1.1.529) Real Time PCR Kit (bioPerfectus,
Jiangsu bioPerfectus Biotech Co.,Ltd, China). SARS CoV-2
variant Omicron (B.1.1.529) Real Time PCR Kit detect
Orflab gene and mutations E484A, N679K, L981F, 69-70del
and H655Y of S gene. A sample was considered as Omicron
(B.1.1.529) if any two of the three specific targets (E484A,
N679K and L981F) with cycle threshold (Ct) less than 40 and
A Ct values were detected in manufacturer’s reference range.
Clinical severity/symptoms, travel history, vaccination
history and co-morbid status was taken either face to face (if
they came to No.(1) DSGH or Mingaladon COVID-19
treatment  Hospital (300  Bedded)) or  viber/
telecommunication (if they did not come to No.(1) DSGH or
Mingaladon COVID-19 treatment Hospital (300 Bedded).
Then, clinical, chest radiograph (mild, moderate and severe
cases) and variant parameters were analyzed. Those requiring
hospital admission at Mingaladon COVID-19 treatment
Hospital (300-Bedded) were treated according to
hospital/National guideline: antiviral drugs, antibiotics,
oxygen therapy, steroid therapy, heparin therapy, fluids and
electrolyte and supportive care. The blood tests were done
according to guideline and monitored till discharge from
Mingaladon COVID-19 treatment Hospital (300-Bedded) or
death.

During this period, among 50,842 nasopharyngeal swab
samples were tested and 770 (1.5%) samples were SARS
CoV-2 test positive. The total number of positive samples on
October, November, December and January were 321, 272,
149 and 28 respectively. In these 770 positive samples, Ct
value less than 30 were selected (n = 150). Table (1) shows
clinical severity status of cases infected with different variant.
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Wild type was seen in 2 cases (2/150 = 1.3 %) and Delta
variant 138 cases (138/150= 92.0 %). The Omicron variant
was detected only in January 2022; the number was 10
(10/150= 6.7 %) over five months. Table (2) reveals the
survival status of BTIs with different variant.

There were two cases infected with the Wild type in this
study; the first case was fully vaccinated with Covaxin and
the second case had incomplete vaccination. The first case,
BTIs with the wild type, was fully vaccinated; the second
dose was taken 6 months ago. Thus, it was clear that the
protective efficacy of vaccine decreased by 6 months. The
study from Israel revealed that the prevention effect reduced
at 2 months after vaccination and finally disappeared at 6
months or longer after vaccination (Levine-Tiefenbrun et al.,
2021). It again highlighted the need for booster vaccination.
Likewise, El Sahly provided the evidence that the mRNA-
1273 vaccine was efficacious in preventing Covid-19 illness
and severe disease at more than 5 months (EI Sahly et al.,
2021). Their symptoms were fever, loss of smell and cough.
The finding was comparable with the earlier study done in
second wave of epidemics in Myanmar at the end of 2020,
probably the wild type; it revealed that 81.5% were
symptomatic patients; the most common presenting
symptoms were fever 54.1%, loss of smell 50.3%, and cough
30.9% (Htun et al., 2021). As a severity, 20.7% of patients
had signs of severe pneumonia; however, in this study, both
were mild form and not fatal. It pointed out the report by
CDC; the age-adjusted rate of hospitalization among US
adults aged 18 years or older was 83.6 per 100,000 for
unvaccinated persons compared with 4.5 per 100,000 for
fully vaccinated persons (Danza et al., 2022). Likewise,
Tenforde and colleagues demonstrated that patients
vaccinated with an mRNA COVID-19 vaccine was
significantly less likely for hospitalization and disease
progression to death or mechanical ventilation (Tenforde et
al., 2021)

In this study, the Delta variant infected BTIs occupied the
majority of cases (92%); it produced mild 36.2% (50 cases),
moderate 52.2% (72 cases), severe 10.9% (15 cases) and
critical 0.7% (1 case) infection. The common presentations of
them were fever (40%), dyspnea (30%), cough (20%), loss of
smell (20%), loss of taste (13%), myalgia (13%), sore throat
(13%), runny nose (13%), and loose motion (13%). The
findings were comparable with the previous study on BTlIs
among physicians caring COVID-19 cases in Myanmar (Pyar
et al., 2021). They did the study in the third wave of
epidemics in Myanmar in July 2021; probably the Delta
variant epidemics. The top symptoms were a headache, sore
throat, runny nose, fever and cough (Pyar et al., 2021). The
number of cases required hospital admission was 88 (63.8%),
all were infected with the Delta variant; moderate, severe and
critical cases.

In this study, the Delta variant infected BTIs did not cause
severe illness generally owing to protective effect of vaccine;
mild 36.2% (50 cases) and moderate 52.2% (72 cases). It
provided another evidence for previous report. The report
from Vietnam among BTIs in health care workers highlighted
that BTIs due to the Delta variant following Oxford-
AstraZeneca vaccination were associated with high viral
loads, prolonged PCR positivity and low levels of vaccine-
induced neutralizing antibodies; however, they were
asymptomatic or mild disease in terms of severity (Chau et
al., 2021). Likewise, multicenter Cohort study from China
showed that the mRNA vaccines were highly effective at
preventing symptomatic and severe COVID-19 associated
with the Delta infection; and, vaccination is associated with
faster decline in viral RNA load and a robust serological
response (Jin et al., 2022). Moreover, study on BTIs done in
Day-Care center of South Korea again confirmed that the
Delta variant had high infection rate, high transmissibility;
however, clinical severity was mild (Yi et al., 2022). The
beauty of BTIs including infection with the Delta variant was
reported as follows. They were less likely to develop
symptoms and their symptoms were not severe even if they
acquired infection (Chia et al., 2021) (Shah et al., 2021) (de
Gier et al., 2021). In addition, those with BTIs rarely need
hospital admission; and their rate of recovery was faster than
nonvaccinated (Eyre et al., 2021)(Tartof et al., 2021).

In this study, the mortality rate was 5.8% (7 severe and one
critical case); non-survivors were due to the Delta variant.
COVID-19 related death in 6 cases and COVID-19 unrelated
death in 2 cases. The one and only one critical case was
brought to hospital in state of deep coma (Glasgow Coma
Scale 3/15) on admission; moreover, he had associated co-
morbidities like old age (63 year), hypertension with
moderate cardiomegaly, diabetes mellitus, acute kidney
injury (creatinine 1.8 mg %), very high D dimer (> 10,000
ng/ml), SaO, 85% on air and right upper lobe collapse in chest
radiograph. Two out of six fatal cases had COVID-19 related
gastrointestinal complications. One case had gastrointestinal
hemorrhage, thrombocytopenia (platelet count 20 x 10% L)
and hypothyroidism; and another case had duodenal
perforation, age 65year, died on 4" post-operative day. Two
out of six non-survivors had diabetes mellitus and chronic
obstructive airway disease. The last fatal case was female, 47
years having many co-morbid conditions such as brain tumor,
congenital heart disease- atrial septal defect and diabetes
mellitus; she died of COVID-19 pneumonia. The cause of
death was unrelated to COVID-19 in 2 cases: acute
myeloblastic leukemia, age 33 year; and, cerebrovascular
hemorrhage (basal ganglia hemorrhage, 70-year male, died
on post-operative day 4 following Burr Hole surgery).

Nearly 90% (122/138) of cases with the Delta variant
infection were fully vaccinated. And 11% (16/138) of cases
did not get vaccine received vaccination; hence, they had
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severe (10.9%, 15/138) and critical (0.7%, 1/138) infections.
The mild (36.2%, 50/138) and moderate (52.2%, 72 /138)
cases had completed vaccination; nonetheless, the time of
symptom onset to vaccination second dose to was 6 months.
Thus, it proved the requirement for booster dose as the
efficacy for protection decreased gradually over 6 months; it
was also reported in other studies. The prevention effect
reduced at 2 months after vaccination and finally disappeared
at 6 months or longer after vaccination in Israel study
(Levine-Tiefenbrun et al., 2021). Likewise, the mMRNA-1273
vaccine continued to be efficacious in preventing Covid-19
illness and severe disease at more than 5 months (El Sahly et
al., 2021). Furthermore, the effectiveness of the coronavirus
disease 2019 (COVID-19) BNT162b2 vaccine in preventing
disease and reducing viral loads of breakthrough infections
(BTIs) was said to be decreasing especially with the Delta
variant; analysis of viral loads of over 16,000 infections
during the Delta-variant-dominated pandemic wave in Israel
revealed that BTIs in recently fully vaccinated individuals
had lower viral loads than infections in unvaccinated
individuals. In addition, the study in Qatar gave another
evidence that BNT162b2-induced protection against SARS-
CoV-2 infection appeared to wane rapidly following its peak
after the second dose, but protection against hospitalization
and death persisted at a robust level for 6 months after the
second dose (Chemaitelly et al., 2021).

Infection due to the Omicron variant was seen in 10 cases in
this study. Regarding clinical presentations, although the
Omicron variant caused more of upper respiratory symptoms
as its main habitus was upper airways; all were asymptomatic
in this study. Two out of ten cases, mother and her child 4
years old, did not have vaccine; they came back from India
for corrective surgery for congenital heart disease- ventricular
septal defect. Eight out of ten cases (80%) had completed
vaccination; however, they got second dose 6 months ago. It
also confirmed that the vaccine efficacy waned after 6
months; and, the need for booster dose. It proved United
Kingdom study which pointed out that “the third/booster dose

of vaccination offers substantial additional protection against
the risk of symptomatic COVID-19 for being infected with
the Omicron variant when compared to > 25 weeks post
second vaccine dose” (Sheikh et al., 2021). Only one case
completed booster dose. It confirmed the finding from
Norway; the SARS-CoV-2 Omicron variant was highly
transmissible even among fully vaccinated young and
middle-aged adults (Brandal et al., 2021). Likewise, Hansen
et al. (2021) confirmed that the Omicron variant invaded
COVID-19 vaccine more than the Delta variant. According to
the UK study, sore throat was commonly reported as common
presentation of the omicron virus cases; loss of smell and
taste were less common among omicron cases compared to
delta variant cases. In this study, cases infected with the
Omicron variant were asymptomatic; and, they did not need
hospital stay or oxygen. Therefore, it provided the evidence
for report from Ontario; they found that the Omicron
variant less likely to cause hospitalization or death than the
Delta variant, but could still significantly impact health-
care systems due to its high transmissibility (Public Health
Ontario, 2021).

It can be concluded that BTIs due to the wild type was not
rare; however, it caused mild infection if there was no co-
morbidity. BTIs due to the Delta variant were the most
common BTIs; nonetheless, the majority of them (88%) had
mild to moderate severity. Mortality rate of BTIs due to the
Delta variant was 5.6% (8/138); these non-survivors had poor
prognostic factors like associated co-morbidities (diabetes
mellitus, hypertension, chronic obstructive airway disease),
old age, late referral, associated malignancy, gastrointestinal
bleeding, duodenal ulcer perforation, thrombocytopenia, and
multi-organ failure. BTIs due to the Omicron variant was seen
in 10 cases who came back from abroad; they were
asymptomatic. In view of duration of symptom onset to
timing of vaccination second dose, all BTIs cases took second
dose 6 months ago; it showed falling efficacy of protective
effect of vaccine if longer than 6 months and the requirement
for booster dose particularly 4 to 5 months after second dose.

Table 1. Clinical severity status of cases infected with different variant (n = 150)

Type of | Number | Asymp- Mild | Moderate Severe | Critical | Survived Non- Imported
SARS of cases tomatic survived
CoV-2
virus
Wwild 2 2 2
Delta 138 50 72 1 130 8 2 Malaysia,
1 Syri lanka
Omicron 10 10 10 9 India,
1 Russia
150 142 8
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Table 2. Survival status of BTIs cases infected with different variant (n = 132)

Type of SARS | Total number of | Number of BTIs Number of | Number of
CoV-2 virus cases (percent) survivors non-survivors
(percent) (percent)

Wild 2 1(50%) 2 (100%) 0

Delta 138 123 (89.1%) 130 (95.4%) 8 (5.6%)

Omicron 10 8 (75%) 10 (100%) 0

Total 150 132 142 8
REFERENCES 181).

Brandal, L. T., MacDonald, E., Veneti, L., Ravlo, T,
Lange, H., Naseer, U., Feruglio, S., Bragstad, K.,
Hungnes, O., @deskaug, L. E., Hagen, F., Hanch-
Hansen, K. E., Lind, A., Watle, S. V., Taxt, A. M.,
Johansen, M., Vold, L., Aavitsland, P., Nygard, K.,
& Madslien, E. H. (2021). Outbreak caused by the
SARS-CoV-2 Omicron variant in  Norway,
November to December 2021. In Eurosurveillance
(Vol. 26, Issue 50, p. 2101147).

Chau, N. V. V., Ngoc, N. M., Nguyet, L. A., Quang,
V. M., Ny, N. T. H., Khoa, D. B., Phong, N. T.,
Toan, L. M., Hong, N. T. T., Tuyen, N. T. K., Phat,
V.V, Nhuy, L.N. T., Truc, N.H. T., That, B. T. T,
Thao, H. P., Thao, T. N. P., Vuong, V. T., Tam, T.
T. T.,, Tai, N. T., ... Tan, L. V. (2021). An
observational study of breakthrough SARS-CoV-2
Delta variant infections among vaccinated
healthcare workers in Vietnam. EClinicalMedicine,
41. https://doi.org/10.1016/j.eclinm.2021.101143
Chemaitelly, H., Tang, P., Hasan, M. R., AIMukdad,
S., Yassing, H. M., Benslimane, F. M., Al Khatib, H.
A., Coyle, P., Ayoub, H. H., Al Kanaani, Z., Al
Kuwari, E., Jeremijenko, A., Kaleeckal, A. H., Latif,
A. N., Shaik, R. M., Abdul Rahim, H. F., Nasrallah,
G.K., AlKuwari, M. G., AlRomaihi, H.E., ... Abu-
Raddad, L. J. (2021). Waning of BNT162b2
Vaccine Protection against SARS-CoV-2 Infection
in Qatar. The New England Journal of Medicine,
385(24), e83.
https://doi.org/10.1056/NEJM0a2114114

Chia, P. Y., 0ng, S. W. X,, Chiew, C.J., Ang, L. W.,
Chavatte, J.-M., Mak, T.-M., Cui, L., Kalimuddin,
S., Chia, W. N., & Tan, C. W. (2021). Virological
and serological kinetics of SARS-CoV-2 Delta
variant vaccine-breakthrough infections: A multi-
center cohort study. Clinical Microbiology and
Infection.

Danza, P., Koo, T. H., Haddix, M., Fisher, R., Traub,
E., Yong, K. O., & Balter, S. (2022). SARS-CoV-2
Infection and Hospitalization Among Adults Aged
>]8 Years, by Vaccination Status, Before and
During SARS-CoV-2 B.1.1.529 (Omicron) Variant
Predominance—Los Angeles County, California,
November 7, 2021-January 8, 2022 (p. 71(5);177-

VI.

VII.

VIII.

XI.

https://www.cdc.gov/mmwr/volumes/71/wr/mm71
05el.htm

de Gier, B., Andeweg, S., Backer, J. A., Hahné, S.
J., van den Hof, S., de Melker, H. E., & Knol, M. J.
(2021). Vaccine effectiveness against SARS-CoV-2
transmission to household contacts during
dominance of Delta variant (B. 1.617. 2), the
Netherlands, August to September 2021.
Eurosurveillance, 26(44), 2100977.

El Sahly, H. M., Baden, L. R., Essink, B., Doblecki-
Lewis, S., Martin, J. M., Anderson, E. J., Campbell,
T. B., Clark, J., Jackson, L. A., Fichtenbaum, C. J.,
Zervos, M., Rankin, B., Eder, F., Feldman, G.,
Kennelly, C., Han-Conrad, L., Levin, M., Neuzil, K.
M., Corey, L., ... Miller, J. (2021). Efficacy of the
MRNA-1273 SARS-CoV-2 Vaccine at Completion
of Blinded Phase. New England Journal of
Medicine, 385(19), 1774-1785.
https://doi.org/10.1056/NEJM0a2113017

Eyre, D. W., Taylor, D., Purver, M., Chapman, D.,
Fowler, T., Pouwels, K., Walker, A. S., & Peto, T.
E. (2021). The impact of SARS-CoV-2 vaccination
on Alpha and Delta variant transmission. Medrxiv.
Hansen, C. H., Schelde, A. B., Moustsen-Helm, 1.
R., Emborg, H.-D., Krause, T. G., Malbak, K,
Valentiner-Branth, P., & on behalf of the Infectious
Disease Preparedness Group at Statens Serum
Institut. (2021). Vaccine effectiveness against
SARS-CoV-2 infection with the Omicron or Delta
variants following a two-dose or booster BNT162b2
or mMRNA-1273 vaccination series: A Danish cohort
study. MedRxiv, 2021.12.20.21267966.
https://doi.org/10.1101/2021.12.20.21267966

Htun, Y. M., Win, T. T., Aung, A., Latt, T. Z., Phyo,
Y. N, Tun, T. M., Htun, N. S,, Tun, K. M., & Htun,
K. A. (2021). Initial presenting symptoms,
comorbidities and severity of COVID-19 patients
during the second wave of epidemic in Myanmar.
Tropical Medicine and Health, 49(1), 62.
https://doi.org/10.1186/s41182-021-00353-9

Jin, Y., Hou, C., Li, Y., Zheng, K., & Wang, C.
(2022). mRNA Vaccine: How to Meet the Challenge
of SARS-CoV-2. Frontiers in Immunology, 12.
https://doi.org/10.3389/fimmu.2021.821538

136 Volume 02 Issue 02 February 2022

Corresponding Author: Khin Phyu Pyar



Breakthrough infections due to SARS-CoV-2 Wild type, the Delta variant and the Omicron variant in early
fourth wave of epidemics in Myanmar

XIlI.

XII.

XIV.

XV.

XVI.

XVIL.

XVIII.

XIX.

Levine-Tiefenbrun, M., Yelin, 1., Alapi, H., Katz,
R., Herzel, E., Kuint, J., Chodick, G., Gazit, S.,
Patalon, T., & Kishony, R. (2021). Viral loads of
Delta-variant SARS-CoV-2 breakthrough infections
after vaccination and booster with BNT162b2.
Nature Medicine, 27(12), 2108-2110.
https://doi.org/10.1038/s41591-021-01575-4
Lewnard, J. A., Hong, V. X, Patel, M. M., Kahn, R.,
Lipsitch, M., & Tartof, S. Y. (2022). Clinical
outcomes among patients infected with Omicron
(B.1.1.529) SARS-CoV-2 variant in southern
California. MedRxiv, 2022.01.11.22269045.
https://doi.org/10.1101/2022.01.11.22269045

Our World in Data. (2022). Coronavirus (COVID-
19) Vaccinations. https://ourworldindata.org/covid-
vaccinations?country=OWID_WRL

Public Health Ontario. (2021). COVID-19 Variant
of Concern Omicron (B.1.1.529).
https://www.publichealthontario.ca/-
/media/documents/ncov/voc/2022/01/covid-19-
omicron-b11529-risk-assessment-jan-
12.pdf?sc_lang=en

Pyar, K. P., Hla, S., Min, A., Wunn, D., Aung, Z. N.,
Lin, M., Win, T., Aung, L., Kyaw, A,, Ya, K., Tun,
T., Kyaw, M., Oo, Z., Aung, Z., Lin, T., & Htun, S.
(2021). Breakthrough Infection among Fully
Vaccinated Physicians Working in COVID-19
Treatment  Centers;  Prevalence, Presenting
Symptoms, Co-Morbidities and Outcome in the
Third Wave of Epidemics in Myanmar. Journal of
Biomedical Research & Environmental Sciences, 2,
721-730. https://doi.org/10.37871/jbres1303

Shah, A. S., Gribben, C., Bishop, J., Hanlon, P.,
Caldwell, D., Wood, R., Reid, M., McMenamin, J.,
Goldberg, D., & Stockton, D. (2021). Effect of
vaccination on transmission of SARS-CoV-2. New
England Journal of Medicine, 385(18), 1718-1720.
Sheikh, A., Kerr, S., Woolhouse, M., McMenamin,
J., & Robertson, C. (2021). Severity of Omicron
variant of concern and vaccine effectiveness against
symptomatic disease: National cohort with nested
test negative design study in Scotland. University of
Edinburgh Research Explorer.
https://www.research.ed.ac.uk/en/publications/seve
rity-of-omicron-variant-of-concern-and-vaccine-
effectiveness-

Tartof, S. Y., Slezak, J. M., Fischer, H., Hong, V.,
Ackerson, B. K., Ranasinghe, O. N., Frankland, T.
B., Ogun, O. A., Zamparo, J. M., Gray, S., Valluri,
S. R, Pan, K., Angulo, F. J., Jodar, L., &
McLaughlin, J. M. (2021). Effectiveness of mRNA
BNT162b2 COVID-19 vaccine up to 6 months in a
large integrated health system in the USA: a

XX.

XXI.

XXII.

XXIII.

XXIV.

XXV.

XXVI.

retrospective cohort study. Lancet
England), 398(10309), 1407-1416.
https://doi.org/10.1016/S0140-6736(21)02183-8
Tenforde, M. W., Self, W. H., Adams, K., Gaglani,
M., Ginde, A. A., McNeal, T., Ghamande, S., Douin,
D. J., Talbot, H. K., Casey, J. D., Mohr, N. M.,
Zepeski, A., Shapiro, N. I., Gibbs, K. W., Files, D.
C., Hager, D. N., Shehu, A., Prekker, M. E.,
Erickson, H. L., ... Influenza and Other Viruses in
the Acutely Il (IVY) Network. (2021). Association
Between mRNA Vaccination and COVID-19
Hospitalization and Disease Severity. JAMA,
326(20), 2043-2054.
https://doi.org/10.1001/jama.2021.19499

UK Health Security Agency. (2021). SARS-CoV-2
variants of concern and variants under investigation
in England.
https://assets.publishing.service.gov.uk/government
/uploads/system/uploads/attachment_data/file/1045
619/Technical-Briefing-31-Dec-2021-
Omicron_severity update.pdf

Wang, L., Berger, N. A, Kaelber, D. C., Davis, P.
B., Volkow, N. D., & Xu, R. (2022). Comparison of
outcomes from COVID infection in pediatric and
adult patients before and after the emergence of
Omicron. MedRxiv, 2021.12.30.21268495.
https://doi.org/10.1101/2021.12.30.21268495
World Health Organization. (2021). Update on
Omicron.  https://www.who.int/news/item/28-11-
2021-update-on-omicron

World Health Organization. (2022). COVID-19
vaccines.
https://app.powerbi.com/view?r=eyJrljoiMWNjNz
ZkNjctZTNiNy00Y mMzLTkxZjQtNmJiZDM2MT
YXNzEwliwidCI6ImY2MTBjMGI3LWIKMjQtNG
1zZ0S04MTBILTNKYzI4AMGFmYjU5SMCIsImMIQj
h9

Yi, S., Kim, J. M., Choe, Y. J., Hong, S., Choi, S.,
Ahn, S. B., Kim, M., & Park, Y.-J. (2022). SARS-
CoV-2 Delta Variant Breakthrough Infection and
Onward Secondary Transmission in Household.
Journal of Korean Medical Science, 37(1), el2.
https://doi.org/10.3346/jkms.2022.37.e12

Zoe Covid Study Group. (2022, January 18). What
are the symptoms of Omicron?
https://joinzoe.com/learn/omicron-symptoms

(London,

137 Volume 02 Issue 02 February 2022

Corresponding Author: Khin Phyu Pyar



