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Abstract

Long-term consequences of viral pneumonia on lung function depend on virus-specific tissue
injury. Persistent impairment of alveolar-blood gas transport has been described after SARS-
CoV-2 pneumonia but has not been investigated following respiratory syncytial virus (RSV)
pneumonia. Possible long-term effects of these two viral infections were never compared after
their clinical resolution in terms of lung physiology. The aim of this paper was to compare
long-term sequelae of RSV and SARS-CoV-2 pneumonia on lung function and blood gas
transport. Adults (>18 years) with previous RSV or SARS-CoV-2 pneumonia were investigated
after complete computed tomography scan resolution. Collected variables included
demographics, body mass index, hemoglobin, SpO,, modified British Medical Research
Council dyspnea score, spirometry, diffusing capacity [diffusing capacity for carbon oxide
(DLco), carbon monoxide transfer coefficient (Kco)l, single-breath diffusing capacity for nitric
oxide (DLno) and DLco, DLno/DLco ratio, and lung capillary blood volume (Vc).

38 post-SARS-CoV-2 and 37 post-RSV patients were studied. Groups were comparable and
showed similar spirometric values. Compared with RSV, SARS-CoV-2 patients had significantly
lower SpO,, DLco, and Kco (p<0.01). Vc was markedly reduced (p<0.001), with a
corresponding increase in the DLno/DLco ratio (p<0.001). Only post-RSV patients were
dyspnea-free. In conclusion, viral pneumonia may cause long-lasting lung function impairment
depending on virus-specific tissue damage. Unlike RSV, SARS-CoV-2 pneumonia induces a
persistent reduction of lung Vc, leading to impaired gas exchange despite radiological

resolution.

Key words: RSV pneumonia, SARS-CoV-2 pneumonia, lung function, long-lasting sequelae,

blood gas transport, single-breath simultaneous DLno and DLco diffusing capacity.



Introduction

Respiratory infections due to rhino, paramyxo, corona and influenza viruses are events that
are known to commonly occur in human populations since long ago [1-3]. They are
characterized by variable severity and extension from the short-term inflammation of proximal
airways up to the long-term involvement of peripheral airways and of the deep lung structures,
not infrequently leading to fatigue, dyspnea, hypoxia, or respiratory failure [1-3].

While some respiratory viral infections usually cause no or mild respiratory sequelae, SARS-
CoV-2 and Respiratory Syncytial Virus (RSV) in particular, are described to possibly cause a
substantial and persistent impact on current lung function over time, mostly related to
parenchymal injury within the deep lung or to induced bronchial hyperreactivity and asthma,
respectively [4-9].

Pneumonia can represent a frequent complication of respiratory viral infections also in adults
[10]. Consequences on lung function are of variable impact and duration as their pattern of
underlying tissular injury have been described to be virus-specific. Actually, substantial
disorders in alveolar-blood gas transport have been reported to persist for several weeks after
SARS-CoV-2 pneumonia in a great proportion of patients despite their stable clinical and
radiological resolution [11-13]. Unfortunately, likely due to the dreadful impact of the recent
pandemic, consequences over-time of non-SARS-CoV-2 respiratory viral infections, RSV
included, have received less attention in adults. In particular, the possible long-term
persistence of lung function sequelae due to RSV pneumonia has been scarcely investigated
to our knowledge in recent years [14,15].

The aim of the study was to investigate the long-term consequences on current lung function
and on blood gas transport after several weeks from the clinical and radiological resolution of

RSV compared to SARS-CoV-2 pneumonia.

Materials and Methods

Subjects of both genders aged >18 years who experienced RSV pneumonia or SARS-CoV-2
pneumonia were investigated between October 1, 2023 and April 30, 2025. All subjects were
recruited after 12+2 weeks from their clinical recovery and complete resolution of any
parenchymal lesion as confirmed by the CT-scan available near recruitment. The etiology of
pneumonia had been confirmed by nasal swab and specific serologic tests in all subjects.
Variables collected in all patients were: age; gender; BMI; blood hemoglobin (Hb, in g/L); %O:
saturation (SpO2%); the current dyspnea score graded in each patient according to the
modified British Medical Research Council (mMRC) [16] the total lung capacity (TLC); the vital
capacity (VC); the forced vital capacity (FVC); the forced expiratory volume in 1 sec (FEV1); the



current diffusing capacity for carbon oxide (DLco) and Carbon Monoxide Transfer Coefficient
(Kco), both by 10” breath-hold time; the single-breath simultaneous diffusing capacity for nitric
oxide and carbon oxide (sDLno and sDLco), both by 5” breath-hold time; the sDLno/sDLco
ratio and the lung capillary blood volume (Vc). Except for age, gender, BMI, Hb and mMRC
score, all other parameters were reported in % predicted.

Current and former-smokers were excluded together with those patients with major
comorbidities affecting measurements of the lung diffusion (such as: anemia (blood Hb
<12g/L); heart failure; COPD; lung fibrosis; vasculitis; renal and liver failure; diabetes);
persistent COVID-related parenchymal abnormalities; physical and/or cognitive impairment
that affect the procedures required for obtaining effective lung function tests). Subjects’
selections were carried out automatically and anonymously from the institutional data-base.
Patients were simply recruited sequentially over the study period. Only patients who did not
fit with the exclusion criteria reported above were excluded.

A Plethysmography Platinum DX Elite (MedGraphics, Saint Paul, MN, USA) was used for
measuring spirometrical parameters and current DLco. A “Stand-Alone” Hypair Compact
System (MGC Diagnostics International, Sorinnes, Belgium) was used for the simultaneous
assessment of sDLno, sDLco and of Vc as a function of the standard single-breath method. This
method stems from the Roughton and Forster’s principle [17] of two reactions: the first one for
CO and the second one for NO, according to the values fixed in the ERS/ATS Task Force 2017
[18,19], during the usual single-breath maneuvers. The use of an electrochemical analyzer
consents to reduce the usual 10 sec. apnea duration required for current DLco measures to
only 5 sec. for simultaneous CO and NO measures. Two gas mixtures are required for these
measures: 1) helium (He) 14%; CO 0.280%; oxygen (O2) 18-21, and nitrogen (N2) and, 2)
nitric oxide in nitrogen (NO in N2) 400 ppm. More technical details had been described in a
previous paper [11].

The study was approved by the CASFAR Ethical Committee during the session of September
18,2023 (N. 04/CES/2023). All patients provided their written informed consent also for using

their data for scientific purposes.

Statistics

Means and standard deviation (SD) were used to summarize continuous variables, while
gender was reported as absolute and relative frequencies. Differences assessed in baseline
between patients who experienced RSV or SARS-CoV-2 pneumonia were tested by the non-
parametric Wilcoxon test (for continuous variables) and Fisher exact test (for gender).

Differences in lung function parameters were estimated by a generalized linear model (gamma



family) adjusting for population characteristics (age, gender, BMI, Hb). Model assumptions
were assessed by examining deviance and Pearson residuals and by evaluating the mean—
variance relationship expected under the gamma distribution. Goodness-of-fit was evaluated
using deviance statistics and the Pearson chi-square divided by degrees of freedom. Results
were reported as adjusted mean difference (AMD) and confidence intervals (Cl). Finally,
differences in the distribution of DLco% pred., Kco% pred., sDLno/sDLco ratio, and Vc% pred.
were visually investigated by using box plots.

A p-value < 0.05 was considered statistically significant. All statistical calculations were
carried out by means of STATA (StataCorp. 2017. Stata Statistical Software: Release 15. College
Station, TX: StataCorp LLC).

Results

The whole sample consisted of 75 subjects (40 males) who experienced SARS-CoV-2 (n=38)
or RSV pneumonia (n=37), well matched for age, BMI and comorbidities. General data are
reported in Table 1. Originally, patients of both groups suffered from pneumonia equally
affecting 40-50% of their lung volume (originally CT documented at admission). During their
hospitalization they received high flow oxygen of variable duration. No patient was intubated.
Only the mMRC dyspnea score proved persistently higher in the post-SARS-CoV-2 pneumonia
group (p<0.001). In particular, while around 40% of patients in the post- SARS-CoV-2
pneumonia group were still complaining a moderate-to-severe dyspnea for twelve weeks after
their clinical and radiological recovery, the vast majority of patients in the post-RSV
pneumonia group did not complain any persistent dyspnea after the same period (p<0.001).
Mean values for blood hemoglobin and each lung function variables are reported in Table 2
together with the corresponding statistical comparisons (no relevant deviations from model
assumptions were detected).

Both groups equally showed values of blood hemoglobulin and of current spirometrical
parameters in the normal ranges (p=ns), while mean values for SpO.% were slightly (but
significantly) lower in the post-SARS-CoV-2 pneumonia group (p<0.001).

When the two groups were compared by their lung diffusion indices, mean values for current
DLco% pred. and for Kco resulted slightly, but significantly, lower in the post-SARS-CoV-2
group over time, though characterized by higher variability (p< 0.001 and p< 0.01,
respectively). Moreover, sDLno/sDLco and Vc% pred. mean values were dramatically low in
patients who experienced SARS-CoV-2 pneumonia while the vast majority of those who
experienced RSV pneumonia showed corresponding mean values in the normal ranges (both

p<0.001) (Table 1). The corresponding mean breath-hold times calculated for current and



simultaneous diffusive measurements (such as, 10 or 5sec, respectively) were superimposable
in the groups, thus confirming the good quality and reliability of measures (both p=ns) (Table
1). To further appreciate the differences calculated, it should be considered that the reference
optimal cut-off values are 113.5 (95% CI 110 to 117) for the sDLno/sDLco ratio and 58.5 (95%
Cl 54 to 63) for Vc% pred., respectively [20]. Finally, when the distributions of sDLno/sDLco
and Vc absolute values were compared, only a few post-RSV patients were at the lower limits
of the normal cut-off levels (Figure 1). Distributions of current DLco% pred., Kco% pred.,

sDLno/sDLco ratio, and Vc% pred. are reported in Figure 2.

Discussion

Together with SARS-CoV-2 and influenza, RSV infection remains one of the most important
global public health burdens affecting humans of different ages in all countries [10,21,22],
reaching related hospitalizations around 10% of the total lower airway infections [23].
Human RSV infection produces a broad spectrum of clinical manifestations, ranging from mild
to more serious events, such as bronchiolitis (mainly in infants and in childhood) [24,25].
Pneumonia is more frequent in adults and in elderly people and can also lead to severe
outcomes [10,26].

In general, the long-term consequences of viral infections over time are described to largely
depend on the peculiar injury originally caused by the specific viral etiology to different
respiratory structures. In particular, while SARS-CoV-2 pneumonia, further to the damage to
alveolar epithelial cells, hyperplasia of type Il pneumocytes and fibrin deposition, recognizes
the occurrence of microvascular thrombosis and occlusion as the major pathogenetic events
[27-30], the basic RSV pattern of lesions is characterized by widespread involvement of
peripheral airways, uneven proliferation and disruption of type 1 (which facilitate gas
exchange) and type 2 alveolar epithelial cells (which produce surfactant and act as progenitor
cells) [31], production of papillary intra-bronchiolar syncytia, deposition of intraluminal
cellular debris, but with the vascular side of the alveolar structures preserved [3].

Stemming from this pattern of evidence, the true scope of the present observational study was
to investigate whether or not different pathogenetic determinants of viral lung injury could
differently affect the lung physiology of these patients over time.

The persistent reduction of lung capillary blood volume (Vc), such as the total volume of blood
in the lung capillaries exposed to alveolar air, has been identified as the major pathophysiologi-
cal disorder that characterizes the respiratory Long-COVID syndrome specifically [11-13]. As
confirmed by experimental models [32-34], the substantial and persistent lung capillary

rarefication underlying the SARS-CoV-2 pneumonia explains its peculiar lung function picture



that is in fact primarily characterized by a substantial drop of lung capillary blood volume and
then of blood/gas transport [11-13]. Conversely, as previously mentioned, the pathogenesis
usually described for RSV pneumonia is substantially different as the vascular side of the
alveolar/capillary membrane results substantially not involved. Therefore, as no damage to
lung microvascular structures has never been reported in adults who experienced RSV-induced
pneumonia, long-term consequences due to the loss in capillary blood volume can be
presumed to be absent and then the blood/gas transport preserved.

Results of the present study seem to confirm this hypothesis. Actually, thanks to the non-
invasive technology pivotally used in the present investigation (that is based on the single-
breath simultaneous assessment of CO and NO diffusion capacity; i.e., sDLno/sDLco) it was
possible to rapidly discriminate between disorders occurred in the alveolar membrane
conductance (MD) from those involving the capillary blood volume (Vc) [11-13]. In other
words, while changes in sDLNO are mainly related to disorders in membrane conductance
(MD), sDLco changes are primarily related to the condition of the microvasculature in the deep
lung. The Roughton and Forster’s formula (that is: 1/DLco = R1+R2 =1/DM+1/8co-Vc) [17]
regulates the relationships among variables, where DM is the diffusing capacity (that is
dependent on molecular diffusion only) of the membranes separating the alveolar epithelial
surface from the red cell (also called the alveolar—capillary membrane conductance); Vc is the
total volume (in milliliters) of blood in the lung capillaries exposed to alveolar air, and 6co is
the number of milliliters of gas taken up by the red cells in 1T mL of blood/per minute/T mmHg
of partial pressure of dissolved gas between the plasma and interior of the red cell (also called
the specific conductance in the blood for CO). Indeed, as the binding of NO with intracapillary
Hb is extremely faster than that one of CO, sDLno mainly informs on the condition of the
epithelial surface of the alveolar membrane, while sDLco mainly informs on the vascular phase
of diffusion through the membrane. Moreover, only when DLno and DLco are simultaneously
measured, the sDLno/sDLco ratio can be calculated. Obviously, higher the ratio, lower the
value of sDLco, and then of the lung capillary blood volume (Vc).

Differently from current lung function parameters (such as: spirometrical volumes and flows,
and current measures of lung diffusion (DLco), this recent method proves particularly suitable
for investigating and assessing non-invasively and in short time the possible long-lasting
consequences of pneumonia caused by different respiratory viruses in the deep lung.

Unlike what was reported in some studies where the occurrence of impaired gas transfer was
generically associated to viral pneumonia regardless their etiology [35], data from the present
study support the hypothesis that substantial differences exist between the lung function profile

of subjects who experienced RSV rather than SARS-CoV-2 pneumonia. These data are strongly



supported and largely explained by the distinct pattern of tissular lesions that are known to
characterize these two respiratory viral etiologies: the prevailing lung microvascular
thrombosis and capillary rarefication documented in SARS-CoV-2 pneumonia [27-30,32-34]
rather than the prevailing widespread involvement of peripheral airways and the uneven
proliferation and disruption of alveolar epithelial cells described in RSV infections [3,24-
26,31]. Moreover, differently from the post- SARS-CoV-2 pneumonia period, residual long-
lasting dyspnea was totally absent in subjects who experienced RSV pneumonia. This feature
further tends to confirm also in clinical terms the effects of the pathophysiological pattern
described in these patients, such as the peculiar absence of any significant microvascular
involvement and blood flow drop due to RSV lung infection.

We acknowledge some point of weakness: 1) the sample studied is limited and monocentric;
2) presently, only two respiratory viruses have been investigated and compared in terms of
their attitude to induce long-lasting troubles in alveolar blood-gas transport; however, a further
study vs influenza viruses is already in progress 3) the non-invasive technology used in the
present investigation is not yet largely distributed in lung function labs. Points of strengths are:
1) the careful selection of the subjects’ sample; 2) the large utilization of current lung function
variables; 3) the pivotal adoption of a novel non-invasive technology for investigating and
assessing specifically the occurrence of long-term disorders in alveolar blood-gas transport
following SARS-CoV-2 and RSV pneumonia.

Conclusions

Pneumonia due to respiratory viruses can lead to different long-term consequences on lung
function according to its specific etiology. The technology adopted in the present investigation
allows the assessment of lung function effects over time due to the underlying injury occurred
within the lung structures with high sensitivity and specificity.

Differently from pneumonia caused by SARS-CoV-2 infection, RSV pneumonia proves free
from long-lasting sequelae in blood/gas transport after resolution as the original RSV injury
does not involve the vascular side of alveolar structures in the vast majority of cases. The high
correspondence between the SARS-CoV-2 and RSV pathogenesis and their specific lung
function profiles can contribute to suggest the possible etiology in these cases of pneumonia
also after their clinical resolution. The diagnostic procedure pivotally adopted in the present
study can be intended as a useful diagnostic support for understanding the physiological
evolution of disease with high sensitivity and specificity. In other words, this procedure seems
to allow the detection of the deep lung’s function (such as, the alveolar phase) successfully

also in clinical practice, beyond the resolution power of present CT imaging that still is known



as not able to discriminate the determinants of alveolar injury. Further larger studies are needed

to confirm and support present results.
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Table 1. General data of the sample (continuous data expressed as means + SD).

post- SARS-CoV-2 post-RSV
pneumonia pneumonia p
n 38 37
Age (years) 52.5+£16.4 55.8+14.3 0.329
Gender (% male) 44.7 62.2 0.100
BMI 26.3+5.9 26.1+6.3 0.787
Comorbidities
% none 76.3 81.1 0.999
% hypertension 13.2 10.8
% atopy 2.6 2.7
% overweight 7.9 5.4
mMRC dyspnea score 1.3£1.1 0.1+0.3 <0.001
% no dyspnea (score 0) 28.9 91.9 <0.001
% mild dyspnea (score 1) 31.6 8.1
% moderate dyspnea (score 2) 21.1 0
% severe dyspnea (score 3-4) 18.4 0

BMI, body mass index; mMRC, modified British Medical Research Council; RSV, respiratory syncytial virus.

Table 2. Mean values of blood hemoglobin and all lung function parameters collected in the
two subgroups (mean + SD) together with statistical comparisons

post- SARS-CoV- | post-RSV AMD (95% Cl) P

2 pneumonia

pneumonia
Hb (g/L) 13.9+0.5 14.0+1.1 -0.11 (-0.52 to 0.29) 0.576
SpO2% 96.2+1.1 97.9+0.8 -1.61 (-2.04 to -1.17)) <0.001
TLC% pred. 99.8+4.8 100.1+4.2 0.12 (-2.03 t0 2.26) 0.915
VC% pred. 93.1+8.0 96.1+4.1 -2.74 (-6.01 to 0.53) 0.101
FVC% pred. 91.2+10.7 93.0+5.4 -1.67 (-5.89 to 2.54) 0.436
FEV1% pred. 90.8+8.9 93.4+4.9 -2.44 (-6.48 to 1.60) 0.236
DLco% pred. (10sec breath-hold time) | 76.5+14.8 89.8+9.3 -14.63 (-20.96 to0 -8.29) | <0.001
Kco% pred. 86.26+12.2 91.68+8.7 -6.52 (-11.48 to -1.55) 0.010
sDLno/sDLco (5sec breath-hold time) | 123.1+£11.3 108.1+4.8 | 1494 (11.17 to 18.71) <0.001
Vc% pred. 43.4+9.6 61.4+8.3 -18.27 (-22.89 to -13.64) | <0.001
mean breath-hold time 1 5.1+0.3 5.1+0.3 0.02 (-0.10 to 0.13) 0.780
mean breath-hold time 2 11.1+£0.5 11.0+0.5 0.09 (-0.12 t0 0.29) 0.401

AMD, absolute mean difference (adjusted for

blood volume.

age, gender, BMI, and prevalence of
comorbidities; DLco, diffusing capacity for carbon oxide; FVC, forced vital capacity; FEVy,
forced expiratory volume in 1 sec; Hb, hemoglobin; Kco, Carbon Monoxide Transfer
Coefficient; RSV, respiratory syncytial virus; sDLco, single-breath simultaneous diffusing
capacity for carbon oxide; sDLno, single-breath simultaneous diffusing capacity for nitric
oxide; SpO2, O saturation; TLC, total lung capacity; VC, vital capacity; Vc, lung capillary
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Figure 1. Comparison between the conjoint distribution of Vc% pre. and DLno/DLco ratio
and the optimal cut-off previously calculated reported as dotted lines (113.5 for sDLno/sDLco
ratio and 58.5 for Vc% pred.). RSV, respiratory syncytial virus; sDLco, single-breath
simultaneous diffusing capacity for carbon oxide; sDLno, single-breath simultaneous diffusing
capacity for nitric oxide; Vc, lung capillary blood volume.
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Figure 2. Box-plot of main parameters of interest (gray area represents the range of normal
values). DLco, diffusing capacity for carbon oxide; Kco, carbon monoxide transfer coefficient;
RSV, respiratory syncytial virus; sDLco, single-breath simultaneous diffusing capacity for
carbon oxide; sDLno, single-breath simultaneous diffusing capacity for nitric oxide; Vc, lung
capillary blood volume.



