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Objective: Analyzing the risk factors for pneumonia development in breakthrough cases with a history of inactivated vaccine injection
is important. The present study aimed to investigate the risk factors for pneumonia development during Omicron variant infection.
Design and Methods: The clinical data were retrospectively collected from 187 patients who previously received inactivated vaccine
and were infected by the Omicron variant.

Results: Among the 187 patients, 73 had 2 doses of inactivated vaccine injection and the remaining 114 had 3 doses; 19 patients had
pneumonia at admission. The univariate logistic analysis showed that age, baseline platelet count, D-dimer level, and CD8" T lymphocyte
count were associated with pneumonia development at admission. The multivariate analysis showed that only age was the independent risk
factor for pneumonia development (odds ratio = 1.046, 95% confidence interval: 1.003—1.091, P =0.04). With an optimal cutoff value of 46,
4.4% (4/91) patients in the age <46 years group and 15.63% (15/96) patients in the age >46 years group had pneumonia (y* = 6.454, P =
0.01). Moreover, age negatively correlated with CD8" T cell count, B cell count, and albumin and uric acid levels (all P < 0.01), while age
positively correlated with the glucose level (P < 0.01).

Conclusion: Old age was the only independent risk factor for pneumonia development in patients with Omicron variant infection and
a history of inactivated vaccine injection.
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Introduction
Coronavirus disease 2019 (COVID-19) is a global public health concern. It is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The Omicron variant, possessing at least 35 mutations in the spike protein, has become the
dominant variant, and its reduced sensitivity to neutralizing antibodies elicited by vaccination is a major concern.'
Antiviral therapy against Omicron variant remains limited, and specific monoclonal antibodies show less effective
due to the high mutation rate of the S-protein.*> Intranasal variant-specific vaccine which can induce IgA-mediated
mucosal immune responses, is still in continuous improvement.®
The virulence of the Omicron variant is milder than that of other variants of concern, and hence critically ill patients
are not common in Omicron variant waves. Omicron is associated with a lower risk of hospitalization and a lower
prevalence of pneumonia.”® Nevertheless, the risk factors for stratifying patients at high risk of pneumonia development
are of significance for early intervention. Data from a retrospective study showed that 4 in 14 children developed

pneumonia and 2 required mechanical ventilation.” Another retrospective study showed that male sex, increasing age,
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and smoking were associated with pneumonia development.'® Also, patients with chronic comorbidities, including
pulmonary obstructive disease, diabetes, hypertension, kidney disease, and immunosuppression, were more likely to
develop pneumonia.'® Despite a reduction in severity and mortality, patients with persistent high fever were recom-
mended to undergo chest computed tomography (CT)."!

Concerns about the immune evasion of the Omicron variant have increased."'? Moreover, the possibility of full-
vaccination coverage and a booster vaccination was relatively lower in older individuals or in patients with chronic
comorbidities.? Full vaccination and a booster vaccination can significantly protect old patients from pneumonia and serious
COVID-19."* Considering that pneumonia is the most common manifestation of serious COVID-19,'* analyzing the risk
factors for pneumonia development in breakthrough cases with a history of inactivated vaccine injection is crucial.

To date, the incidence of pneumonia and its severity remains largely unknown in patients with breakthrough cases
caused by the Omicron variant. This study investigated the risk factors for pneumonia development during Omicron
variant infection in patients with a history of inactivated vaccine injection.

Methods

Patients
The data from 187 adult patients with laboratory-confirmed COVID-19 were retrospectively analyzed. These patients
were diagnosed according to the Chinese guidelines for the diagnosis and treatment of COVID-19,'* and were admitted
to the Third People’s Hospital of Changzhou between March 13, 2022, and May 10, 2022. Pneumonia was confirmed
based on the CT manifestations and positive SARS-CoV-2 RNA tests.

The study protocol was approved by the ethics committee of the Third People’s Hospital of Changzhou according to
the Declaration of Helsinki 2013.

Reverse Transcription—Polymerase Chain Reaction Assay

Reverse transcription—polymerase chain reaction (RT-PCR) assay was performed in the Laboratory of the Third People’s
Hospital of Changzhou using a commercial kit (Jiangsu Bioperfectus Technologies Co., Taizhou, China). Positive SARS-
CoV-2RNA tests were judged based on the lower cycle threshold (Ct) values of ORFIab and N genes (less than 35). For
Ct >35, duplicate RT-PCR tests were performed more than once at 24-h intervals.

Statistical Analysis

The continuous data were expressed as median (interquartile range) and compared using the Kruskal-Wallis test. The
categorical data were expressed as frequencies and compared using the chi-square test. The univariate and multivariate
logistic analyses were performed to investigate the risk factors for pneumonia development. An optimal cutoff value was
determined using MedCalc version 15.2.2 software for Windows (Medcalc Software, Mariakerke, Belgium). A comparison
was performed using SPSS 25.0 (NY, USA), and a two-sided P value <0.05 indicated a statistically significant difference.

Results
Baseline Characteristics of Patients with COVID-19

Among the 187 patients, 73 had 2 doses of inactivated vaccine injection and the remaining 114 had 3 doses. The main
kinds of vaccines were CoronaVac® (101/187, 54%) and COVILO®™ (55/187, 29.4%). Further, 97.3% (182/187) of the
patients received the second dose of vaccine after 6 months prior to infection. No patient developed a critical illness.

The comorbidities were rare in these patients, including 8 with diabetes, 17 with hypertension, 1 with stable
pulmonary tuberculosis, and 1 with chronic kidney disease. None of the patients were under treatment with glucocorti-
coids or antibiotics at admission.

The CT scan revealed 13 patients with unilateral pneumonia and 6 with bilateral pneumonia. The patchy ground-glass
opacities (GGO) were the main characteristics, while consolidation with subpeural distribution was not seen in these patients.
Just one patient had cluster-like GGO. Repeated CT scan was performed in 11 patients, and GGO had no obvious regress in the
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first week of hospitalization. For patients with and without pneumonia, no significant difference was found in the incidence of
diabetes (1/19 and 7/168,)(2 =0.050, P = 0.58) or hypertension (1/19 and 16/168, Xz =0.375, P> 0.99) (Table 1).

Characteristics of Patients With and Without Pneumonia at Admission

The median age of the patients with pneumonia was 50 year-old, while the median age was 45 year-old in non-
pneumonia group. Table 1 presents that patients with pneumonia were significantly older than those without pneumonia
(Z = 2.342, P = 0.02). Among the 19 patients with pneumonia, 7 received 2 doses of vaccine, and the remaining 12
patients received 3 doses. For patients without pneumonia, 66 patients received 2 doses of vaccine, and 102 patients
received 3 doses. The doses of vaccine, as well as the duration from the first or second injection to infection, showed no
significant difference between patients with and without pneumonia (all P > 0.05).

Most patients with and without pneumonia had fever (13/19 and 112/168, * = 0.024, P > 0.99), and the duration of
fever was not significantly different between the two groups (Z = 0.623, P = 0.53). Moreover, cough was not common
with pneumonia or without pneumonia (2/19 and 28/168, y* = 0.478, P = 0.74).

For patients with and without pneumonia, the median duration of RNA positivity was 10 and 9 days, respectively, and
the difference was not significant (Z = 1.653, P = 0.10). In addition, patients with pneumonia had higher D-dimer levels
(Z=2.401, P=0.02).

Risk Factors for Pneumonia Development
As shown in Table 2, the univariate logistic analysis showed that age, baseline platelet count, D-dimer level, and CD8"
T lymphocyte count were associated with pneumonia development at admission. The multivariate analysis showed that

only age was the independent risk factor for pneumonia development [odds ratio (OR) = 1.046, 95% confidence interval
(CI):1.003-1.091, P = 0.04].

Table | Characteristics of Patients with and without Pneumonia at Admission

Variables Pneumonia Without Pneumonia Z or x* P value
(n=19) (n=168)
Age, years 50(47-56) 45(34-51) 2342 0.02
Male, n (%) 14(73.7) 129(76.8) 0.091 0.78
Diabetes, n (%) 1(5.3) 7(4.2) 0.050 0.58
Hypertension, n (%) 1(5.3) 16(9.5) 0.375 >0.99
TI, days 318(287-348) 307.5(264.3-348) 0.226 0.82
T2, days 281(229-314) 273.5(234-312) 0.537 0.59
Duration of fever, days 2(0-4) 1.5(0-3.0) 0.623 0.53
Duration of RNA positivity, days 10(7-17) 9(7-11) 1.653 0.10
Laboratory findings
ALT, U/L 26.7(13.8-37.4) 20.9(15.1-34.8) 0.007 >0.99
AST, U/L 20(16-26) 20(16-25) 0.403 0.69
Glucose, U/L 5.5(4.9-6.1) 5.1(4.7-5.9) 1.298 0.19
Creatinine, pmol/L 71(51.6-83.9) 69.3(58.5-77.0) 0.110 091
Uric acid, pmol/L 283.3(259.8-318.5) 317.5(267.7-375.7) 1.518 0.13
CRP, mg/L 4.7(1.7-11.3) 4(2-10.1) 0.275 0.78
Neutrophils, E+09/L 3.9(3.2-4.7) 4.0(2.9-5.3) 0.358 0.72
Lymphocytes, E+09/L 0.9(0.6—1.3) 1.1(0.8-1.5) 1.456 0.15
Platelets, E+09/L 195(171-208) 210.5(179-248.8) 1.778 0.08
D-dimer 0.2(0.2-0.4) 0.2(0.2-0.3) 2401 0.02
CD4'T 397(275-553) 472(321.5-683.8) 1.513 0.13
CDS8'T 278(186-373) 342.5(215-495) 1.680 0.09
B cells count 99(68—-144) 142(87.8-255.3) 1.965 0.05

Notes: Data were expressed as median (IQR) for continuous variables and n (%) for categorical values, and were compared using Kruskal—

Wallis test or Chi-square test.

Abbreviations: T|, duration from the first infection of vaccine to diagnosis; T2, duration from the second infection of vaccine to diagnosis; ALT,

alanine aminotransferase; AST, aspartate transaminase; CRP, C-reaction protein.
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Table 2 Risk Factors for Pneumonia at Admission

Baseline Variables Univariate Multivariate
Odds Ratio 95% CI P Odds Ratio 95% CI P

Age, years 1.047 1.004-1.093 0.03 1.046 1.003-1.091 | 0.04
Sex 1.181 0.400-3.486 | 0.76

Tl 1.001 0.991-1.010 | 0.89

T2 1.000 0.992-1.009 | 0.96

ALT 1.005 0.986-1.024 | 0.61

Glucose 1.008 0.766-1.327 | 0.95

CRP 0.996 0.938-1.057 | 0.89

Uric acid 0.996 0.990-1.002 | 0.17

Neutrophils 0.903 0.685-1.191 0.47

Lymphocytes 0.426 0.146-1.246 | 0.12

Platelets 0.991 0.981-1.001 0.06

D-dimer 5.687 0.840-38.510 | 0.08

CD4+T cells 0.999 0.997-1.001 0.21

CD8+T cells 0.997 0.994-1.000 | 0.08

B cells 0.996 0.990-1.001 0.11

Abbreviations: Cl, 95% confidence interval; T1, duration from the first infection of vaccine to diagnosis; T2, duration
from the second infection of vaccine to diagnosis; ALT, alanine aminotransferase; CRP, C-reactive protein.

With an optimal cutoff value of 46, 4.4% (4/91) patients in the age <46 years group and 15.63% (15/96) patients in the age
>46 years group had pneumonia (> = 6.454, P = 0.01); the sensitivity and specificity were 78.95 and 57.74, respectively. The
patients were divided into two groups: low-risk group (age <46) and high-risk group (age >46), respectively.

Correlation Between Age, Glucose and Albumin Levels, and Immune Cell Count
Figure 1 demonstrates that age negatively correlated with CD8" T cell count, B cell count, and albumin (all P < 0.01),

while age and glucose level were positively correlated (P < 0.01). Moreover, age did not significantly correlate with
CD4" T cell count.
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Figure | Correlation between age and CD4+ T cell count (A), CD8" T cell count (B), NK cell count (C), B cell count (D), glucose (E) and albumin (F) in Omicron variant-infected patients.
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Discussion

The present study analyzed the risk factors for pneumonia development in patients with Omicron variant infection and
a history of inactivated vaccine injection. Among the 187 breakthrough cases, 19 patients developed pneumonia. The
patients with pneumonia were older than those without pneumonia. The univariate logistic analysis showed that age,
platelet count, D-dimer level, and CD8" T lymphocyte count were associated with pneumonia development. The
multivariate analysis showed that age was the only independent risk factor.

The neutralizing activity of antibodies against the Omicron variant is limited.'>'>'® Also, the knowledge about the
efficiency of inactivated vaccines during the Omicron wave is scarce. Recently, Zheng et al reported that full vaccination
and a booster vaccination could protect old patients from pneumonia and serious COVID-19."® The kinds of vaccine, the
doses of injection, and the duration between vaccination to infection may affect the protections provided by the
vaccine.'”!” Jassat et al reported that 37% of Omicron variant-infected patients had pneumonia in South Africa.'® In
the present study, only 10.2% (19/187) of breakthrough cases had pneumonia. Although increasing evidence shows
a decrease in the severity of COVID-19 during the Omicron variant wave, pneumonia development remains a concern in
clinical practice.'® Compared with data from Africa,'® the decreased incidence of pneumonia among the breakthrough
cases suggested that the inactivated vaccine might effectively reduce pneumonia development. In addition, intranasal
variant-specific vaccine which can induce IgA-mediated mucosal immune responses, is a promising alternative.®
Knowledge about the breakthrough cases receiving intranasal vaccine remain largely unknown.

The data from the present study showed that age was the independent risk factor for pneumonia development. The
correlation analysis showed that age negatively correlated with CD8+ T cell count, B cell count, and albumin and uric
acid levels, while it positively correlated with the glucose level. These results suggested that both metabolic and immune
factors might influence the outcome. The glucose level correlated with the poor outcome and prolonged SARS-CoV-2
shedding in Delta variant-infected patients.'” %> Patients with lower uric acid levels were more likely to have severe
symptoms.>*** It was speculated that the cellular and humoral immunity was impaired and the level of neutralizing
antibodies reduced with age. Thus, it was anticipated that the regulation of metabolism and immunity might be
a promising intervention in treating COVID-19.

There are several limitations to the present study. First, the neutralizing antibodies were not tested in the breakthrough
cases. Consequently, the relationship between the titers of neutralizing antibodies and pneumonia development could not
be revealed. Second, the number of patients was comparatively limited, and the comorbidities including diabetes and
pulmonary tuberculosis were rare. Third, no patient was critically ill, or received glucocorticoids or antineoplastic agents,
which may affect the viral shedding time. Thus, multicenter, lager-scale and prospective studies are warranted to confirm
the current findings.

Conclusion
Old age was the only independent risk factor for pneumonia development in patients with Omicron variant infection and
a history of inactivated vaccine injection.

Abbreviations

CI, Confidence interval; COVID-19, coronavirus disease 2019; Ct, cycle threshold; CT, computed tomography; IQR,
interquartile range; OR, odds ratio; RT-PCR, reverse transcription—polymerase chain reaction; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; VOCs, variants of concern.
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