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Abstract:

Severe Acute Respiratory Syndrome due to 2019 novel coronavirus emerged in Wuhan and rapidly spread
throughout the world; pandemic state was therefore declared. Although the majority of patients are asymtomatic,
severe forms of pneumonia can be observed altering patient’s prognosis. Historical studies have attested to
efficiency of low dose X rays irradiation in viral pneumonia. This could be explained by the anti-inflammatory
effect of low dose irradiation on immune system. Pneumonia due to SARS-Cov2 could be better controlled by
low dose irradiation at the onset of respiratory signs. Clinical studies should be conducted to establish the risk-

benefit ratio and to determine the optimal irradiation modalities.
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I- Introduction :

Severe Acute Respiratory Syndrome (SARS) is an infectious disease first observed in 2002 in southern China.
SARS is caused by a pathogen called SARS-associated to coronavirus (SARS-Cov), a previously unknown virus
in the coronavirus family [1].

In December, 2019, series of pneumonia cases of an unknown cause emerged in Wuhan, China, with
clinical presentations resembling to a viral pneumonia. Deep sequencing analysis from lower respiratory tract

samples indicated a novel coronavirus, which was named 2019 novel coronavirus (SARS-CoV2) [2].

The World Health Organization has declared on March 2020 that the novel coronavirus is a global

pandemic [3]. This pandemic present a challenge to identify effective treatment modalities.

The symptoms presented by the affected subjects range from asymptomatic or mild flu-like symptoms to

more critical symptoms including respiratory distress and multivisceral failure that can lead to death [2].

Given the increasing number of cases escaping control under current guideline recommended treatments,

other therapies must be explored to improve the response of critical patients.

Kirkby and Mackenzie was the first author to discuss the possible therapeutic effect of low dose radiation
(LDR) in SARS-CoV2 pneumonia patients and suggested this forgotten therapeutic approach [4].
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The aim of this study was to review the beneficial effect of LDR as a potential treatment in the context of
SARS-CoV2 pneumonia and to explain the potential mechanisms involved.

- Methods :

A bibliographic screening was conducted using different databases: Science direct, PubMed, to identify
English articles published up to July 25, 2020, using search words: Irradiation ; Radiation exposure ; Pneumonia
; Immune system ; SARS-CoV-2 ; COVID-19 ; Coronavirus.. Other articles cited in the bibliographic articles

were used in the development of this review.

I1l- Results and Discussion :

Pneumonia occurs as an inflammatory immune response to an infection where the alveoli ignite and
secrete fluid compromising their gas exchange function. In a viral infection, viruses trigger immune cells to

synthesize pro-inflammatory cytokines and chemokines [5], prompting the immune response.

Historical studies evaluated the impact of LDR in pneumonia. Several studies were conducted to assess
ionizing radiation as a potential therapeutic modality for bacterial and viral pneumonia during the first half of the
20th century [6], including the ones published by Rousseau [7] and Oppenheimer and their collegues [8] who
established that low-dose irradiation improved the symptomatology of patients with severe viral pneumonia.
Although the low number of patients, (29 and 56 patients) the rate of positive responses was high (22 and 45
remission patients respectively).

Other authors reported a lower risk of mortality from severe viral pneumonia in mice receiving low dose
radiation. Indeed, a dose of 0.04 Gy administered 24 hours after the onset of symptoms may have shortened the
acute phase with reduced mortality by half[9]. Similar results were observed at a dose of 0.9 Gy 48 hours after
inoculation [10]. However, these studies were too old and were not conducted with sufficient scientific reliability
[11].

Two recent clinical trials have attempted to evaluate low-dose irradiation in patients with SARS-CoV2
pneumonia. The first pilot trial named RESCUE 1-19 was published in a nonepeer-reviewed journal [12]. Five
patients with SARS-CoV2 pneumonia received whole-lung irradiation with a single-fraction of 1.5 Gy. Eighty
percent of them recovered rapidly and were weaned from supplemental oxygen at a mean time of 1.5 days. In all

patients, no acute toxicity regarding LDR was reported.

The second clinical trial was conducted in Iran, five patients were treated with whole-lung irradiation in

asingle fraction of 0.5 Gy. They were followed for 5 to 7 days to evaluate the response to treatment and toxicities.
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They also achieved a treatment response rate of 80%. Thereby, whole-lung irradiation in a single fraction of 0.5
Gy had encouraging results in oxygen-dependent patients with SARS-CoV2 pneumonia [13].

While there are consistent findings supporting therapeutic role of LDR in the treatment of SARS-Cov2
pneumonia, the question remains how to reactivate an established but old hypothesis in the context of the current

pandemic, and try to explain the mechanisms of action.

SARS-Cov2 induces immune responses that vary from a patient to another. In healthy carriers the
inflammatory response appears weaker. On the opposite, in patients with more serious symptoms, inflammatory
phenomena are increased. A study of 41 patients with severe forms of infection found high levels of pro-
inflammatory cytokines, including IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A, and TNF a [13]. This
“cytokine storm” is thought to be the inducer of viral sepsis and lung damage that can be complicated by acute

respiratory distress syndrome, multivisceral failure and death.

The repercussions of ionizing radiation on the immune system are multifactorial and highly dependent on
radiation doses and modalities; whereas high dose radiation (> 2Gy per fraction) causes an increased
inflammatory response [14]; lower dose (1Gy) are associated with an anti-inflammatory effect [15].

Anti-inflammatory action of LDR is a new concept with increasingly widespread therapeutic applications.
Indeed, low-dose radiation therapy is often used effectively in the treatment of benign inflammatory diseases,
especially in the acute phase. However, the underlying mechanisms are not fully explored [16]. Several in vivo
and in vitro studies have reported, the efficiency of LDR in immune response regulation : leukocyte apoptosis
induction [17]; reduction in reactive oxygen species [18], INOS pathway limitation [19]; decreased secretion of
chemokine (CCL20) [20] and pro-inflammatory cytokines (including IL-1p and Tnfo) [21] and reduced
expression of MAPK (p38, Akt) were reported. These data could help explain the anti-inflammatory phenomena
of LDR (Figure 1).

Although low-dose irradiation cannot act by killing the causative agent as an antiviral, its anti-

inflammatory function could improve patient tolerance and promote the effectiveness of other therapeutics [22].

Pneumonia due to SARS-Cov2 could be better controlled by low-dose radiation at the onset of respiratory
signs. Severe forms may also be less frequent. In the other hand, too early irradiation (in asymptomatic subjects
or with flu-like symptoms) could disrupt the immune system fighting against the virus and delay its elimination.

It is also necessary to clarify that anti-inflammatory effects of LDR are not limited to the irradiation site
and may cause systemic effects [6]. Therefore, it would not be necessary to irradiate the lungs in order to obtain
anti-inflammatory effect, but to perform a whole body low dose irradiation. The common toxicities of radiation

therapy would be avoided.
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In conclusion, it would be necessary to evaluate the effects of LDR on SARS-Cov2 carriers largest clinical

studies; in order to establish the risk-benefit ratio and to determine the optimal irradiation modalities.

Irradiation with a single dose of 0,3-0,5 Gy

Epithelial cell

Granulocytes

Figure 1: Factors involved in local anti-inflammatory activity of LDR after exposure of activated epithelial cells at a dose of

0.3-0.5 Gy.
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