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The lung-protective effect of prior
mRNA vaccination on breakthrough
COVID-19 patients receiving high
flow nasal oxygen for hypoxemic
acute respiratory failure

Check for
updates

It is a widely held view that messenger RNA (mRNA) COVID-
19 vaccines, including mRNA-1273 (Moderna) and BNT162b2
(Pfizer-BioNTech), effectively reduce the risk of SARS-CoV-2
infection and COVID-19-related hospitalization. Unexpect-
edly however, despite the protective effects of those vac-
cines, as many as 25% of the individuals currently being
admitted to Intensive Care Units (ICUs) are fully vaccinated
against COVID-19."2 It is hypothesized that as vaccine cover-
age increases, breakthrough cases will rise proportionately.

Chest X-ray scoring systems quantifying the severity and
monitoring the progression of the disease were developed dur-
ing COVID-19 outbreak. Retrospective studies investigating
their prognostic accuracy have demonstrated that these sys-
tems help predict mortality in patients with COVID-19.%“ Nota-
bly, the COVID-19 chest radiography (CARE) score, a chest
radiography rating system which assesses the extension of the
ground-glass opacities (GGs) and consolidations (Cos) in three
distinct radiograph zones (upper, middle, and lower lung), has
been validated and has predicted in-hospital mortality.>

While recent evidence suggests that mRNA vaccinations
may attenuate disease severity in breakthrough COVID-19
patients requiring hospitalization,”¢ its impact on critically ill
patients receiving non-invasive respiratory support (i.e., high-
flow nasal oxygen, or continuous positive airway pressure, or
noninvasive ventilation) remains unclear. The current study set
out to retrospectively investigate the effect of mRNA vaccina-
tion on the extent of lung involvement as assessed by the CARE
score in breakthrough COVID-19 patients receiving high-flow
nasal oxygen (HFNO) because of severe hypoxemic acute respi-
ratory failure (hARF) that was unresponsive to conventional
0,—therapy. The patients studied were admitted to an Inter-
mediate Respiratory Care Unit (IRCU).

The chest X-rays (CXRs) of 32 consecutive, fully vacci-
nated patients (the vaccinated group) and of 41 unvacci-
nated patients (the unvaccinated group), all critically ill and
affected with COVID-19, admitted to the SARS-CoV-2 IRCU of
the University-City Hospital in Padua between 1 September
2021 and 31 December 2021 were retrospectively reviewed.
The criteria for admission to the IRCU was the inability of

https://doi.org/10.1016/j.pulmoe.2022.07.003

conventional O,-therapy to maintain SaO, > 92%. All the
patients meeting these criteria were contacted and asked to
sign informed consent forms releasing their medical records
for review. The need for ethical approval was waived by the
local Ethics Committee given the study’s retrospective
design and the fact that the unit’s standard treatment proto-
col was consistently followed for all the patients involved.

All of the CXRs taken during the patients’ RICU stay were
reviewed. The severity of lung involvement was evaluated
using the CARE score. A radiologist with 12 years of experi-
ence in thoracic imaging and blind to the patients’ informa-
tion examined the CXRs and scored them using the CARE
system. The patients’ scores at the time of their admission,
their highest score during their IRCU stay, and their highest
GG and Co sub-scores were reviewed and compared.

The patients’ baseline demographic and clinical features,
clinical symptoms and laboratory test results at the time of
their IRCU admission and their clinical outcomes were like-
wise reviewed and compared.

All of the patients in the vaccinated group had success-
fully completed the COVID-19 mRNA vaccination course,
meaning two standard doses of the Pfizer-BioNTech COVID-
19 vaccine; none of them had received a booster dose. The
mean time interval between the last vaccine dose and
admission to the IRCU was 5.86 (0.9-8.8) months. Genomic
sequence analysis, performed only in the vaccinated
patients, identified, without exemption, the SARS-CoV-2
delta variant. With the exception of age, the baseline char-
acteristics and clinical and laboratory data of the patients at
the time of admission to the IRCU were not significantly dif-
ferent in the two groups. The patients in the vaccinated
group were, in fact, significantly older [74 (36-90) vs 58 (40-
90) yrs; p=0.0018]. The CARE score at the time of IRCU
admission, the highest score during their IRCU stay, as well
as the highest GG and Co sub-scores were significantly worse
in the unvaccinated group. The clinical outcomes of the
patients in the two groups were not significantly different
(Table 1). The stratified log-rank test indicated that the vac-
cinated patients had slightly longer survival times in relation
to their unvaccinated counterparts [mean survival time:
95.53 (95%Cl, 80.76 to 110.30) vs 83.22 (95%Cl, 75.82 to
90.61) days; p= 0.2261]; their hazard ratio of death was
0.5174 (95% Cl, 0.1780 to 1.5039).

An analysis of the study’s data suggests that mRNA vacci-
nation conferred a protective effect on the extent of lung
involvement in the breakthrough COVID-19 patients with
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Table 1  Patients’ baseline demographic and clinical characteristics, clinical, laboratory and blood gas data at RICU admission,

CARE values and clinical outcomes.

Vaccinated patients (N=32) Unvaccinated patients (N=41) p-value

Baseline demographic and clinical data
Gender, M/F 24/8 23/18 0.1393
Age, yrs 74 (36-90) 58 (40-90) 0.0018
BMI, kg/m? 32 (30.12-33.26) 30 (26.67-43) 0.6973
Smokers, n° 6 6 0.7538
Patients with co-morbidities, n° 31 34 0.0717

Metabolic disorder (diabetes, obesity) 14 14 0.4708

Respiratory disease (asthma, COPD) 3 1 0.3129

Hemato-oncology disease 3 0 0.0797

Other active oncology disease 3 0 0.0797

Cardiac disease (cardiac arrhythmia, previous 23 21 0.0939

MI, angina pectoris, and/or CHF)

Chronic renal failure 5 2 0.2283

Clinical, laboratory and blood gas data at
RICU admission

PaO;, (O, suppl), mmHg 82.95 (48.8-207.8) 77.80 (48.00-296.1) 0.1515
PaCO,, mmHg 33.4(25.4-48.2) 34.4 (27.0-44.4) 0.6247
Pa0,/F,0,, mmHg 225.76 (48.80-479.23) 225.43 (59.05-519.47) 0.9225
Arterial pH 7.48 (7,34-7,56) 7,48 (7,39-7,57) 0.5033
Heart rate, b/min 80 (47-135) 86 (62-120) 0.3084
Respiratory rate, b/min 19 (12-30) 21.5 (12-35) 0.2753
Total WBC count (x10%/L) 8.615 (2.62-18.80) 8.32 (4.01-20.65) 0.9734
Serum CRP, ug/mL 70 (2.90-210) 60 (6.10-450) 0.2778
CARE values
Global CARE at RICU admission, pts 9 (1-28) 20 (5-32) <0.001
Highest global CARE, pts 18 (0-35) 26 (6-36) <0.001
Highest GG subscore, pts 7.5 (0-14) 12 (2-16) <0.001
Highest CO subscore, pts 9 (0-26) 16 (4-28) 0.012
Clinical outcomes
Hospital stay, days 18.5 (1-80) 15.5 (3-124) 0.1845
RICU stay, days 4 (1-33) 3 (1-44) 0.8840
Pts who required intubation, n 3 5 1.000
Pts died during RICU stay, n 5 4 0.4927

Values are expressed as median (interquartile range). P-values refer to differences between vaccinated and unvaccinated groups. (BMI=
Body Mass Index; CARE= COVID-19 chest radiography score; CO= consolidation; CRP= C-Reactive Protein; GG= Ground Glass; MI= myocardial
infarction; RICU= Respiratory Intensive Care Unit; WBC= White Blood Cell).

severe hARF requiring HFNO treatment. The study’s results
are in line with those described by Lee et al. who, on the
basis of the clinical and imaging characteristics of 412 hospi-
talized COVID-19 patients, concluded that those with
COVID-19 breakthrough infections had a significantly higher
proportion of CT scans without pneumonia with respect to
their unvaccinated counterparts.®

While the CARE scores of the vaccinated patients were
significantly lower, the PaO,/F,0, ratio, a widely used indica-
tor of hypoxemia reflecting the extent of acute lung dam-
age, was not significantly different in the two groups. The
result could be explained by the fact that although hypox-
emia caused by the SARS-CoV-2 infection is primarily due to
the ventilation/perfusion (V/Q) mismatch in non-aerated
lung regions (something which can be assessed by the CARE
score), in 3 out of the 32 vaccinated patients it was associ-
ated to submassive pulmonary embolism, a disorder that
cannot be accurately assessed by the scoring system.

422

Since the individuals in the vaccinated group were signifi-
cantly older, it is possible that the vaccination’s protective
effect on mortality risk may have been offset by the age dif-
ference between the vaccinated and unvaccinated groups. A
recent analysis by Italian investigators confirmed, in fact,
that old age was by far the most significant risk factor for
COVID-19 mortality in hospitalized patients.’

While it is true that the limited number of patients ana-
lyzed here and the study’s retrospective nature may have
caused a bias, its findings demonstrate that mRNA vaccina-
tion may exert a protective effect on pulmonary involve-
ment in the breakthrough COVID-19 patients undergoing
HFNO for severe hARF and confirm the importance of a judi-
cious, mass vaccination strategy.
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