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a Public Health Emergency of International Concern (PHEIC) as announced by WHO,
the SARS-CoV-2 variants remain a challenge to global healthcare under the
circumstances of withdrawal and loosening of personal protective behavior in the
post-quarantine era. This study aims to acknowledge the clinical characteristics
caused by Omicron BA.4/BA.5 in COVID-19 naive people and analyze possible
factors affecting disease severities.

Methods: In this retrospective study, we report and analyze the clinical features of 1820
COVID-19 patients infected with the BA.4/BA.5 Omicron variants of SARS-CoV-2 during
a local outbreak that occurred in Macao SAR, China, from June to July 2022.

Results: A total of 83.5% of patients were symptomatic eventually. The most
common symptoms were fever, cough, and sore throat. Hypertension, dyslipidemia,
and diabetes mellitus were the leading comorbidities. There were significantly more
elderly patients (p<0.001), more patients with comorbidity (p <0.001) and
more patients without vaccination or not completing the series (p < 0.001) in the
“Severe to Critical” group. All deceased patients were elderly with at least three
comorbidities and were partial to totally dependent in their daily lives.

Conclusion: Our data are consistent with a milder disease caused by BA.4/5
Omicron variants in the general population, while patients with old age and
comorbidities have developed severe to critical diseases. Complete vaccination
series and booster doses are effective strategies to reinforce protection against

severe diseases and avoid mortality.
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1 | BACKGROUND AND AIMS

The pandemic of coronavirus disease 2019 (COVID-19), caused by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection, has remained a global health issue ever since World Health
Organization defined it in early 2020. As of May 15, 2023, there were
over 766 million confirmed cases of COVID-19, with an estimated
accumulated death of more than 6.9 million worldwide.® In 2022,
Omicron variants (B.1.1.529) have become the dominant circulating
Variants of Concern (VOC) after alpha, beta, gamma, and delta
variants of SARS-CoV-2, following the report of its first sublineage
BA.1 in November 2021 in South Africa.?

In the first half of 2022, the two new lineages of Omicron (BA.4
and BA.5) have rapidly emerged and spread globally through their
high transmissibility and immune escape capabilities.> ¢ Although less
severe diseases and mortality of Omicron variants were reported, the
increased infectivity can still lead to a relative proportion of mortality
based on a more significant number of cases, which can add to
healthcare and socioeconomic burdens.®”

Macao is one of China's Special Administrative Regions (SAR)
located on the southeast coast of China. It is one of the world's
densest regions (about 20,620 people per square kilometers) and is
famous for tourism and resort.® Based on the close adherence to the
strategic principles of “Preventing imported cases and rebound of the
epidemic” and the “Dynamic Zero” policy by the government, almost
all COVID-19 confirmed cases were imported and import-related
cases since the first confirmed case diagnosed in January 2020.1°
Most city residents acquired immunities against the coronavirus
through a vaccination program promoted by Health Bureau. It was
until the first community outbreak in Macao, from June to July 2022
that the SARS-CoV-2 Omicron variants (BA.4/5) were the
culprits, resulting in six deaths among 1820 cases. Therefore, we
retrospectively report the demographic and clinical characteristics of
COVID-19 patients infected by Omicron BA.4/5 and analyze the
possible predisposing factors affecting disease severity and mortality.

2 | METHODS

2.1 | Enrollment and data collection

We retrospectively collected the clinical data of 1821 patients
diagnosed and managed by Centro Hospitalar Conde de Sao Januario
(CHCSJ), which is the only public hospital in Macao that is responsible
for handling patients with SARS-CoV-2 infections during a COVID-19
outbreak in Macao between 18 June and July 31, 2022. The study
was approved by the Hospital Medical Ethical Committee of CHCSJ,
Health Bureau of Macao SAR, China. Written informed consent was
waived due to the retrospective nature and use of anonymous data.
We collected data, including medical records describing the patients'
clinical symptoms, vaccination status, comorbidity, mortality, labora-

tory, radiological, and microbiological results, and so forth, from our

electronic medical systems. All patients were diagnosed based on the
positive results of qualitative real-time reverse transcriptase-
polymerase chain reaction assay (QRT-PCR) in respiratory specimens
according to WHO technical guidance. SARS-CoV-2 sublineage
classifications were performed among the patients in a random-
sampling aspect, and the results of all tested samples yielded either
Omicron BA.4/5 or Omicron BA.5. Retrospective analysis was
performed to define the clinical characteristics of patients infected
by the Omicron subvariants, as well as the possible causes and risk

factors of the deceased cases.

2.2 | Severity classifications

Patients' severities were classified based on the “Guideline on the
management of COVID-19, trial version 9” published by the National
Health Commission of the People's Republic of China.’* “Mild” was
defined as mild clinical symptoms with no signs of pneumonia in
imaging; “Moderate” was defined as having clinical symptoms and
signs of pneumonia in imaging; “Severe” was classified if one of the
following was present: (a) dyspnea with a respiratory rate of 230 per
minute, (b) O2 saturation <93%, and (c) PaO2/FiO2 < 300 mmHg, (d)
progressive exaggeration of clinical symptoms and lesions progressed
>50% in lung imaging studies within 24-48 h; “Critical” was classified
if one of the following was present: (a) respiratory failure requiring
mechanical ventilation, (b) shock, and (c) coexisting multiple organ

failure requiring close monitoring in intensive care unit (ICU).

2.3 | Real-time reverse transcriptase-polymerase
chain reaction assay (RT-PCR) for SARS-CoV-2 and
sublineage classification

Samples were taken from respiratory specimens, nasopharyngeal
swabs (NPS) or oropharyngeal swabs (OPS) in all patients where
available. Samples were tested for SARS-CoV-2 ORFla/b gene, E
gene and N2 gene with gRT-PCR using the reagent kits of
cobas®SARS-CoV-2 and Xpert®Xpert SARS-CoV-2, and the Cobas®
6800 System (Roche) and the GeneXpert®Infinity System (Cepheid)
respectively following manufacturer's instructions. The results were
interpreted according to the kit manual. Extraction of nucleic acid
from the respiratory samples was performed using reagent kits
NUCLISENS®easyMag Accessory product and the NUCLISENS®Ea-
syMag system (BioMerieux) following the manufacturer's instructions
when samples tested positive for SARS-CoV-2 nucleic acids.
Amplifications of nucleic acids and SARS-CoV-2 sublineage classifi-
cations were performed for gene E484A, F486V, D3N, del H69/V70,
A67V, P681H/R, K417N, L452R, N501Y, Y505H, D614G using
reagent kits of LightCycler®Multiplex RNA Virus Master and VirSNiP
SARS-CoV-2 and the LightCycler®480 real-time PCR system (Roche)
following manufacturer's instructions. The results were interpreted

according to the kit manual.
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2.4 | Statistical analysis

Statistical analyses were conducted using SPSS version 25.0 (SPSS
Inc). Continuous data were presented as either the mean + standard
deviation (SD) or the median and quartiles as appropriate, and
dichotomous variables were presented as percentages. Unpaired
Student's t tests, )(2 tests and Fisher's Exact tests were used to
compare the clinical characteristics (age, male, comorbidity, and
COVID-19 vaccination status) of the “Asymptomatic-Mild-Moderate”
and “Severe-Critical” groups, a p <0.05 was considered statistically
significant. Differences in percentages between groups of different
disease severities and age, comorbidity, and doses of COVID-19
vaccination were examined respectively using Spearman-Rank
correlation analysis (two-sided) and a p<0.01 was considered

statistically significant.

3 | RESULTS

3.1 | Demographic characteristics

This report included 1820 hospitalized patients with positive COVID-
19 nucleic acid tests described as follows. After a review of clinical
data, two patients were excluded from this study: one was due to
persisting negative results of serial nucleic acid tests (NAT); the other
one with history of positive NAT during entry into Macao from
abroad in June and sublineage classification of BA.2 was classified as
an imported case retested positive. One patient was included due to
positive results in serial NATs during the inclusion period notified
afterwards, resulting in 1820 patients classified in this outbreak for
analysis. All patients (100%) were admitted either to the Public
Health Clinical Center or to the isolation hotels after triage at the
Special Emergency Room (SER) of CHCSJ or the Community
Treatment Center (CTC) in the Macao East Asian Games Dome.

3.2 | Clinical characteristics
The demographic and clinical information of these 1820 patients is
summarized (Table 1). The median age of the patients was 40.1 years
old (IQR: 30.9-54.0). Patients aged 60-year-old or above constitute
about 17.1%. Eight hundred eighty-two patients were male (48.5%).
About one-third of patients presented with symptoms initially at
admission while over 80% of patients became symptomatic during
the hospitalization course eventually. The most common symptoms
were fever (66.6%), cough (35.3%), sore throat (26.9%), followed by
headache (14.6%), rhinorrhea (8.9%), and myalgia (5.2%). Of these
1820 patients, more than one-fourth (27.1%) of them had one or
more coexisting internal medical conditions, such as hypertension,
dyslipidemia and diabetes mellitus, and so forth. Only two patients
had past SARS-CoV-2 infections.

In our cohort, about one-fifth of the patients received

none or incomplete primary series of vaccination for SARS-CoV-2.

TABLE 1

Open Access

Number of patients

Age (median, IQR)
<18-year-old (N, %)
18 to 59-year-old (N, %)
260-year-old (N, %)

Gender (male, N, %)

Symptomatic at admission (N, %)

Symptomatic during hospitalization (N, %)

Symptom and sign (N, %)?
Body temperature 237.5°C
Cough
Sore throat
Rhinorrhea
Nasal congestion
Dyspnea
Headache
Dizziness
Fatigue
Myalgia
Arthralgia
Abdominal pain
Nausea/vomit
Diarrhea (23 times/day)
Dysgeusia

Past illness and comorbidity (N, %)
Hypertension
Dyslipidemia
Diabetes mellitus
Hyperuricemia/gout
Coronary artery disease
Heart failure
Arrhythmia
Valvular heart disease
Cerebrovascular disease
Asthma

Chronic obstructive pulmonary
disease (COPD)

Bronchiectasis
Pulmonary tuberculosis/sequela

Pneumothorax

_Wl LEY—m

Summary of demographic data of 1820 patients with
SARS-CoV-2 infections in Macao from June 18 to July 31, 2022.

1820
40.1 (30.9-54.0)
188 (10.3)
1320 (72.5)
312 (17.1)
882 (48.5)
706 (38.8)
1520 (83.5)

1212 (66.6)
642 (35.3)
490 (26.9)
162 (8.9)

31(1.7)
26 (1.4)
266 (14.6)
71 (3.9)
45 (2.5)
94 (5.2)
8 (0.4)
23 (1.3)
40 (2.1)
28 (1.5)
25 (1.4)
494 (27.1)
247 (13.6)
158 (8.7)
108 (5.9)
54 (3.0)
14 (0.8)
2 (0.1)
19 (1.0)
9 (0.5)
18 (1.0)
10 (0.5)
6(0.3)

5(0.3)
38 (2.1)
3(0.2)

(Continues)
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TABLE 1 (Continued)

Number of patients 1820
Hepatitis B/Hepatitis C 59 (3.2)
Fatty liver 31 (1.7)
Cirrhosis 2(0.1)
Chronic kidney disease 20 (1.1)
Thyroid disease 40 (2.2)
Anemia 30 (1.6)
Malignancy 31 (1.7)
SARS-CoV-2 infection 2(0.1)
Others 39 (2.1)

Smoker/ex-smoker (N, %) 37 (2.0)

Pregnancy (N/number of females, %) 9/946 (1.0)

Number of doses of vaccination for SARS-CoV-2° (N, %)

0 dose 337 (18.5)
1 dose 54 (3.0)
2 doses 688 (37.8)
3 doses (booster) 741 (40.7)
Severity classification® (N, %)
Asymptomatic 280 (15.4)
Mild 1338 (73.5)
Moderate 184 (10.1)
Severe 11 (0.6)
Critical 7 (0.4)
Oxygen therapy (N, %) 19 (1.0)
Mechanical ventilation support (N, %) 1(0.1)
Death (N, %) 6 (0.3)
Antiviral therapy (N, %) 215 (11.8)
Nirmatrelvir-ritonavir 125 (6.9)
Remdesivir 2 (0.1)
Molnupiravir 88 (4.8)

®The proportion is classified according to “Symptomatic during
hospitalization.”

bTypes of vaccine: Inactivated vaccine: Sinopharm/BIBP COVILO,
SINOVAC Coronavac; mRNA vaccine: BioNTech COMIRNATY/
BNT162b2; protein subunit vaccine: Zhifei Longcom ZIFIVAX. Number of
doses regarded as primary series: Two doses for inactivated and mRNA
vaccine; three doses for protein subunit vaccine. Different types of
vaccine may be selected as booster dose based on vaccination strategies
in different districts.

““Guideline on the management of COVID-19 (trial version 9)” published
by the National Health Commission of the People's Republic of China.

In contrast, more than 78% of patients have at least completed the
primary series of COVID-19 vaccination. Based on the severity
classification criteria, there were 73.5% mild, 10.1% moderate, 0.6%
severe, and 0.4% critical cases.

3.3 | Disease severities

In this outbreak, patients with severe and critical disease severities
were aged populations (Severe: 250-year-old; Critical: 270-year-old).
Patients categorized as “Severe to Critical” had different clinical
features compared to those who were “Asymptomatic to Mild to
Moderate” (Table 2). In the “Severe to Critical” group, there were
significantly more elderly patients (p <0.001), more co-existing
comorbidities (p <0.001) and less completion of the primary series
of COVID-19 vaccination compared to the “Asymptomatic to Mild to
Moderate” group (p <0.001). Further correlation analysis between
disease severity and age, comorbidities, and vaccination status
showed a weak positive trend between disease severity and age
(Spearman's rho: 0.346) and that of comorbidity (Spearman's rho:
0.264) (Table 3).

3.4 | Laboratory parameters

Initial laboratory studies, including hemogram, biochemical, and
inflammatory markers after admission of cases categorized as “Severe
to Critical” are summarized in Table 4. A substantial portion (72.2%)
of the patients demonstrated abnormal levels of lymphocytes with
signs of lymphocytopenia (mean +SD: 1.0 + 0.5). Elevation of lactate
dehydrogenase (mean+SD: 246.1+71.5) and C-reactive protein
levels (mean+SD: 2.9+3.2) were also noted in a considerable
proportion of this subgroup. Less than half of the patients in this
subgroup presented with elevated aminotransaminase and creatine
kinase levels. Early presentation of the above laboratory parameters

may indicate possible severe disease progression.

3.5 | Management

All patients were administered standardized medications for sympto-
matic treatment after triage at the SER of CHCSJ or the CTC,
including antipyretics, analgesics, antihistamines, mucolytics, and
antiemetic agents as needed base. Patients who were old age
(260-year-old), had
unvaccinated, pregnant, infants/children, had possible risk of

comorbidities (especially poor-controlled),
progression to severe disease, and so forth, would be admitted to
the Public Health Clinical Center for further observation and
management. Oral antiviral treatments were prescribed to individuals
with risk factors for progression to severe disease according to
Pneumologists' evaluation regarding the Guideline on the manage-
ment of COVID-19 (trial version 9) published by the National Health
Commission of the People's Republic of China.'! Three types of
antiviral regimens were available: (1) Nirmatrelvir-ritonavir; (2)
Remdesivir; (3) Molnupiravir. A total of 215 patients (11.8%) were
prescribed antiviral regimens as follows: Nirmatrelvir-ritonavir (6.9%),
Molnupiravir (4.8%), and Remdesivir (0.1%) (Table 1). Nineteen (1.0%)
patients required oxygen therapy, including both at baseline and this
admission. One patient was intubated with mechanical ventilation
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TABLE 2

Total N = 1820
Proportion (%)

Age (mean +SD, years) 41.9+18.3

Open Access

Comparison of clinical data between COVID-19 patients with asymptomatic-mild-moderate and severe-critical disease severity.

Male
Comorbidity

COVID-19 vaccination status (none or not
complete of primary series)?

COVID-19 vaccination status (complete of
primary series)®

882/1820 (48.5)
494/1820 (27.1)
392/1820 (21.5)

1428/1820 (78.5)

Asymptomatic to mild to Severe to

moderate N = 1802 critical N=18

Proportion (%) Proportion (%) p Value*

41.5+17.9 81.4+14.0 <0.001
875/1802 (48.6) 7/18 (38.9) 0.414
478/1802 (26.5) 16/18 (88.9) <0.001
381/1802 (21.1) 11/18 (61.1) <0.001

1421/1802 (78.9) 7/18 (38.9) <0.001

Number of doses regarded as completion of primary series: Inactivated vaccine: Two doses; mRNA vaccine: Two doses; protein subunit vaccine:

Three doses.
*p < 0.05: Significant.

TABLE 3

Relationship between disease severity and age, comorbidities, and number of doses of vaccination of 1820 patients with
SARS-CoV-2 infections in Macao from June 18 to July 31, 2022.

Groups Number of cases Asymptomatic
Age (N, %)

<18 188 40 (21.3)
18-59 1320 217 (16.4)
260 312 23 (7.4)
Comorbidity (N, %)

No 1326 229 (17.3)
Yes 494 51 (10.3)
Doses of vaccination (N, %)

0 337 60 (17.8)
1 54 12 (22.2)
2 688 88 (12.8)
3 (booster)? 741 120 (16.2)

Mild Moderate Severe Critical P p Value*
0.346 <0.001
144 (76.6) 4(2.1) 0(0.0) 0(0.0)
1054 (79.8) 47 (3.6) 2(0.2) 0 (0.0)
140 (44.9) 133 (42.6) 9(2.9) 7(2.2)
0.264 <0.001
1036 (78.1) 59 (4.4) 2(0.2) 0 (0.0)
302 (61.1) 125 (25.3) 9(1.8) 7 (1.4)
-0.078 0.001
214 (63.5) 54 (16.0) 7 (2.1) 3(0.9)
37 (68.5) 4(7.4) 1(1.9) 0(0.0)
517 (75.1) 77 (11.2) 2(0.3) 4(0.6)
571 (77.1) 49 (6.6) 1(0.1) 0 (0.0)

Number of doses regarded as completion of primary series: Inactivated vaccine: Two doses; mRNA vaccine: Two doses; protein subunit vaccine:

Three doses.
*p < 0.01: Significant.

support due to respiratory failure. Out of the seven critical cases, six
patients were deceased.

3.6 | Features of critical and mortal cases

There were six deceased patients in this outbreak (Supporting
Information: 1). All six patients were older than 85, with a mean
age of 92.5 years old. Five of them were female. The duration of
hospitalization ranged from 3 to 13 days, for which 50% were dead in
the first week of admission and the other half in the second week. All
six patients had multiple underlying comorbidities, including hyper-
tension, dyslipidemia, diabetes mellitus, and so forth. Over 80% of
the patients were totally dependent (Barthel Index for Activities of

Daily Living score <20).2 Half of the patients were unvaccinated for
COVID-19. A substantial portion of patients suffered from aggrava-
tion of underlying comorbidities, related complications and secondary
infections. All of them were prescribed antiviral regimens and
empirical antibiotics. Molnupiravir was selected for patients with
existing or impending renal impairment. Invasive resuscitations were
not performed under the consensus of the patients' families' Do-Not-
Resuscitate (DNR) preferences.

Chest computed tomography (CT) scans were performed in
patients admitted to the Public Health Clinical Center. Selected CT
images of some critical cases were demonstrated in Figure 1. Small
ground glass opacities (GGO) were noted on Day 3 and Day 8 of two
death cases, as illustrated (Figure 1A,B). More prominent peripheral
GGO with superimposed intralobular reticulations could be observed
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FIGURE 1 Chest computed tomographic (CT) images of critical cases of COVID-19 patients in Macao from June 18 to July 31, 2022. Day 3
of hospitalization (88-year-old female, third death case): Small ground glass opacities (GGO) in right middle lobe. (B) Day 8 of hospitalization (86-
year-old female, fifth death case): Small patch of GGO in right lung. (C) Day 12 of hospitalization (93-year-old male, sixth death case): Small
peripheral GGO with intralobular reticulations and minimal pleural effusions in bilateral basal lungs. (D) Day 2 of hospitalization (71-year-old
female on mechanical ventilation): multiple infiltrates and ground glass opacities in both lungs.

on Day 12 of another death case (Figure 1C). The lung involvement of
the mortal cases was less severe than expected, and sequential
changes of chest imaging were not available due to cases expiring
within the first 2 weeks. Multiple infiltrates and GGO in both lungs
were demonstrated in the critical case who received intubation with

mechanical ventilation support for respiratory failure (Figure 1D).

4 | DISCUSSION

COVID-19 Omicron variant infections became the dominant virus in
the COVID-19 pandemic worldwide since its first emergence in
South Africa in early 2022.1% BA.4 and BA.5 subvariants have rapidly
replaced the previous Omicron variant as the dominating lineages
globally in 2022.% Differing from other countries or regions, Macao
had a low prevalence of local COVID-19 infections and no local
outbreak since the beginning of the pandemic due to the efficacy of
government strategies.'* It was regarded as the first COVID-19 local
outbreak in this special administrative region (SAR) of China with
Omicron variants as the opponents. Therefore, most patients' immu-
nities against COVID-19 were acquired from effective vaccination

only instead of previous natural infections. These novel variants were
believed to be causing less severe diseases but more contagious,
leading to rapid spread with a large number of infections which still
caused a burden to the healthcare systems and the city.®

Although COVID-19 was no longer a Public Health Emergency of
International Concern (PHEIC) announced on May 5, 2023 by WHO,
the SARS-CoV-2 variants remain a challenge to global healthcare
under the circumstances of withdrawal and loosening of personal
protective behavior in the post-quarantine era.'® This study aims to
acknowledge the clinical characteristics caused by Omicron BA.4/
BA.5 in COVID-19 naive people and analyze possible factors
affecting disease severities, which is crucial for identifying severe
and critical cases for medical resources allocation and decreasing
mortality in healthcare frontier practice. The impact of age,
comorbidities, and vaccination status towards disease severities
was demonstrated in this cohort.

Early data reported that runny nose, headache, and fatigue were
the most common symptoms of SARS-CoV-2 Omicron infection.'®
Our data was contrary to these reports that fever (66.6%), cough
(35.3%), and sore throat (26.9%) were more common, which is more
compatible with more involvement of the upper respiratory tract
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noted in another observational study of the Delta and Omicron
variants. Change of cellular tropism with higher viral loads in the
upper respiratory tract may provide some explanations.?”*® Smell
and taste abnormalities and gastrointestinal symptoms were less
common in this study of Omicron variants.*®? Besides, nearly one-
third of SARS-CoV-2 Omicron infections were reported asympto-
matic.2® However, it was demonstrated from our cohort that over
80% of patients presented with symptoms during the hospitalization
course, eventually indicating a presymptomatic status. The difference
can be affected by the timing of data acquisition, for which our data
included symptoms at both initial and during the course. Also, the
impact of clinical differences between ethnicities, different
sublineages (BA.4/BA.5), vaccination rates and types must be
considered.

At the beginning of Omicron arising in South Africa, studies
revealed that Omicron infection was associated with significantly
shorter hospitalization and reduced severity and mortality, especially
compared to the delta variants.”?%?? Over 80% of the Omicron
infected cases in our cohort were asymptomatic or with mild severity,
which echoed the findings from the early Omicron variants. About
one per cent of patients in our cohort developed severe and critical
disease severities, with six finally deceased. Further exploration of
these two subgroups of patients in this outbreak was performed.

Older age is associated with increased mortality, and the elderly
are more susceptible to increased disease severity of COVID-19,
correspondingly to the population prevalence of comorbid conditions
in the prevaccine era.?®-2> Omicron BA.4 and BA.5 demonstrate the
same trend in our study (Tables 2 and 3). The proportion of older
people (260-year-old) constituted up to 17% in this outbreak, with
three-quarters of these patients having underlying comorbidities.
Over 90% of patients younger than 60-year-old were asymptomatic
or developed mild disease only. There was no critical case with age
less than 60-year-old. All patients in the “Severe-to-Critical” group
were aged 50-year-old or older, with a significantly older mean age
(81.3-year-old) than that of the “Asymptomatic-Mild-Moderate”
group (41.5-year-old) (p <0.001). Weak immunity, other organ
dysfunction, and increased frequency of comorbidities contribute to
higher susceptibility in ageing populations.

Multiple comorbidities and underlying conditions have been
associated with severe illness in COVID-19 patients.2*?> Our study
echoed the findings in Omicron variants. About one-fourth of
patients had at least one comorbidity. Among all patients, hyper-
tension, dyslipidemia, and diabetes mellitus were the first three
leading comorbidities, aligning with results from a meta-analysis.
There were significantly more patients with comorbidities in the
“Severe-to-Critical” group (p <0.001). Decreased innate immunity
response and lymphocyte functions were present in patients with
comorbidities, and they are more susceptible to inflammation and
infection due to underlying metabolic conditions such as diabetes
mellitus and chronic liver disorder, and so forth.242%728 |t warrants
the awareness of possible disease progression in those with old age
and multiple comorbidities, even with the prevalence of mild
severities in the general populations of Omicron infections.

Some laboratory abnormalities have been associated with worse
outcomes in COVID-19 infections.?’ Lymphopenia and neutrophilia
were reported as features of severe COVID-19 illness.>° A substan-
tial portion (about 70%) of our Omicron COVID-19 patients with
“Severe-to-Critical” severity and all mortal cases had decreased
lymphocytes while neutrophilia was not observed in the initial
hemogram. Besides, elevated C-reactive protein (CRP), lactate
dehydrogenase (LDH), D-dimer, and prolonged prothrombin time
(PT) are predictors of disease progression in critically ill patients.3%32
In our study, a relatively high proportion of patients with “Severe-to-
Critical” severity presented with prolonged activated partial throm-
boplastin time (APTT) far more than that of PT. Elevated LDH, CRP
and procalcitonin levels were reflected in the same group upon
admission, compatible with severity prediction.3 Over 80% of mortal
cases had elevated PCT levels upon admission. Despite being a
predictor of severe course, PCT was applicable for detecting
secondary bacterial infections and guiding the use of antibiotics.>435
The interpretation and serial measurements of the above laboratory
parameters could have a crucial role on early identifying severe or
critical cases.

Common chest CT abnormalities in COVID-19 include ground
glass opacities (GGO) with or without consolidations involving
bilateral lower lobes and peripheral distribution.>¢ Omicron variants
seem to yield less typical pneumonia with a lower consolidation rate
and less peripheral but more random distribution than the ances-
tors.3”-*8 These features were mainly in line with our cases. Usually,
abnormalities develop throughout the illness after symptoms onset
and disease progression, while the only intubated case in this
outbreak presented multiple GGO in bilateral lungs on Day 2 of
hospitalization (Figure 1). Notably, the lung involvement of the mortal
cases was less severe than expected in the initial chest CT imaging,
for which most of them suffered from secondary infections due
to underlying old age and multiple comorbidities (Supporting
Information: 1).

The treatment approach towards COVID-19 evolves rapidly as
clinical data emerge, and the mainstays are to target the virus and to
modulate the immune response. A number of drugs used for other
conditions have been repurposed to deal with COVID-19.%? Antiviral
therapies (Nirmatrelvir-ritonavir, Remdesivir, Molnupiravir) were
administered in most severe cases and all of the critical cases
according to Pneumologists' evaluation and guidelines at that time.
Dexamethasone and other glucocorticoids were used on some of the
moderate-severe-critical patients based on clinical assessment and
the living WHO guidelines.*® The role and indications of the above
regimens and various adjunctive immunomodulators were already
well-established.

There were six mortal cases (0.3%) out of these 1820 COVID-19
cases. All cases were older than 85-year-old, which complies with the
highest age-specific mortality in the age group 280-year-old in Hong
Kong after introducing the Omicron variant in early 2022.4' They
were almost totally ADL dependent (except one was partially
dependent) with at least three comorbid factors. Ageing, accompa-
nied by the coexistence of a variety of chronic diseases and the
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decline and dysregulation of immune systems, can result in different
complications after COVID-19 infections.*? Risks of COVID-19
deaths were suggested to be associated with pre-existing comorbid-
ity, dementia, and impairment in ADL.23*® Upon admission, most
mortal patients presented with mild symptoms and minimal or no
pulmonary involvement in chest imaging. Poor intake with easy
choking and aspiration occurred before respiratory failure were
noted in two totally dependent and one partially dependent elderlies.
Follow-up chest CT of these patients showed severe pneumonia,
parallel with clinical deterioration after the episodes. COVID-19
pneumonia usually becomes progressive and peaks in imaging from
Day 5 to 13 after disease onset,** while the rapid change of imaging
in the elderly was within the first few days of disease onset. Although
bilateral subpleural patches of ground-glass opacity (GGO) can
be presented by both COVID-19 pneumonia and aspiration pneumo-
nia,** the rapid deterioration within the first week of disease onset
highlighted choking and aspiration as possible causes of mortality.
This experience raised the early alert of patients' intake status and
early prevention of choking, for which enteral feeding or
decompression utilizing a nasogastric tube in optimal timing is worth
further review. Dehydration was noted in our patients with poor
appetite due to sore throat. It may further aggravate the underlying
comorbidities of diabetes mellitus and result in complications such as
diabetic ketoacidosis. Intensive blood glucose control is encouraged
in COVID-19 patients. Some other serious complications, such as
acute kidney injury, gastrointestinal bleeding, and delirium, were also
observed, especially in the cases with relevant history. A systematic
inflammatory response caused by SARS-CoV-2 virus infection has
been identified nowadays.*® The broad involvement of additional
organ damage may be related to the abundant expression of the
Angiotensin-converting enzyme 2 (ACE2) receptor.*” BA.4 and BA.5
were known to have distinguishing mutations in the spike(S) protein,
leading to enhanced viral fitness and ACE2 receptor binding despite
immunity evasion.® Although available evidence suggests milder
disease severity in Omicron BA.4/5, the systematic inflammatory
response in vulnerable patients with predisposing factors to severe
diseases infected by Omicron variants, may still result in mortality
and warrant early attention.

The COVID-19 vaccination program was started in early 2021 in
Macao, and two types of vaccines (Inactivated vaccine: Sinopharm
and mRNA vaccine: BNT162b2) were available.*® Completing two
doses was considered a complete primary series for the general
population. By the end of June 21, 2022, a rough estimate of over
86% of the population finished the primary series.*®*° About three-
quarters of the patients in our cohort finished the primary series.
Provided with a higher probability of immunity escape of the highly
transmissible Omicron variants, durability and waning of immunity by
vaccination were questioned, as well as the efficacy of vaccinations
toward Omicron variants.>* Although neutralizing resistance and
waning neutralizing-antibody titers of vaccination reduced vaccine-
induced immune protection, cellular responses induced by SARS-
CoV-2 vaccines still appear to protect against severe disease.* Most
of the patients' immunity against COVID-19 in this study was

Open Access

acquired from effective vaccination instead of previous natural
infection owing to the practical measures and policies adopted by
the Macao government since the beginning of the pandemic.'* There
were significantly more patients who received none or incomplete
primary series (61.1%) to present with severe to critical diseases than
those who have completed primary series (38.9%) from our data
(p < 0.001). Half of the deceased cases were unvaccinated. Vaccina-
tion is essential in decreasing mortality in the post-Omicron era,
especially with booster doses.

This study has several limitations. First, the number of patients in
this study was not large enough that patient numbers in some
subgroups were even smaller under the premise of lessening disease
severity caused by Omicron. Second, sublineage classifications, evalua-
tion of serum antibodies, laboratory parameters, and imaging studies
were only available for some patients in this study due to the limited
time and medical resources allocations on outbreak control. Third, the
length of hospitalization was lacking because of the difficulty of
estimation since patients were not discharged to the community
according to clinical improvement but also under public health policies.
Finally, post-discharge follow-up and long-term outcomes of the

Omicron BA.4/5 infections in this cohort are unavailable.

5 | CONCLUSION

Most of the patients infected by the Omicron variants of SARS-CoV-
2 presented with mild disease severity under the circumstances of
people with acquired immunity against COVID-19 from effective
vaccination only. Patients with old age and comorbidities are still
vulnerable to developing severe to critical diseases with complica-
tions of predisposing medical illnesses that result in mortality.
Vaccination and booster doses effectively reinforce protection,
prevent severe diseases, and decrease mortality to counteract the

rapidly evolving mutants of SARS-CoV-2.
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