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OUTLINE

• Why are specific populations at risk of developing severe COVID-19?
• Role of inflammatory cytokines

• Use of Remdesivir, Nirmatrelvir plus ritonavir, Sotrovimab, 
• Take home message



1.Cytokine Storm: Dysregulated and excessive immune responses may lead to significant systemic damage. Mononuclear cells such
as neutrophils and monocytes in the patient’s lung tissues and peripheral blood produce elevated levels of pro-inflammatory
cytokines such as interleukin-6 (IL-6), interleukin-1 and tumor necrosis factors, directly related to the severity and mortality of
the disease

2.Hypoxemic Respiratory Failure: Direct cytopathic effects of the virus and virus-induced decrease in surfactant levels causing
atelectasis are some of the unique pathologic findings seen in patients with COVID-19. Hypoxemia is the hallmark of the
pulmonary derangement of the disease, with no signs of respiratory distress (“silent or happy hypoxemia”)

3.COVID-19-related Hypercoagulability: A distinct prothrombotic state as opposed to a consumptive coagulopathy has been 
described in COVID-19 patients, secondary to a markedly increased levels of fibrin and fibrinogen. This mechanism is synergistic 
with the cytokine storm and the virus-induced endothelial dysfunction. Consequently, serum levels of D-dimer are a strong 
prognostic factor of poor outcomes

Hallmarks of COVID-19 Clinical Picture



NIH COVID-19 Treatment Guidelines. Last updated April 21, 2021. www.covid19treatmentguidelines.nih.gov. 

People with certain uncommunicable 
underlines conditions are at increased 
risk of disease progression, and should 
be more closely monitored for worsening 
symptoms: light headedness, difficulty 
breathing, chest pain, dehydration, … 

• Age > 65 years

• Cardiovascular disease 
• Chronic lung disease 
• Sickle cell disease 
• Diabetes 
• Cancer
• Obesity
• Chronic kidney disease

• Pregnant women

• Smokers

Risk factors for severe disease



Inflammatory cytokines as a risk factors for severe COVID-19

Shi J, et al. Cytokines and Abnormal Glucose and Lipid Metabolism. Front Endocrinol (Lausanne). 2019 Oct 30;10:703. doi: 10.3389/fendo.2019.00703.
Tanase DM,. Arterial Hypertension and Interleukins: Potential Therapeutic Target or Future Diagnostic Marker? Int J Hypertens. 2019 May 2;2019:3159283. doi: 10.1155/2019/3159283.

Diabetes Arterial Hypertension

o A key component in the pathophysiology of HTN is inflammation.
o Inflammation, in turn, promotes endothelial dysfunction and atherosclerosis through

reactive oxygen species (ROS), a downstream product of cellular and soluble immune
factors.

o Consequently, ROS stimulates proinflammatory cytokine secretion, increasing IL-6
expression and decreasing NO availability Studies have shown that inhibition of these ROS
led to blood pressure reduction through endothelial function improvement via increased
nitric oxide (NO) production



Inflammatory cytokines as a risk factors for severe COVID-19

Tanase DM,. Arterial Hypertension and Interleukins: Potential Therapeutic Target or Future Diagnostic Marker? Int J Hypertens. 2019 May 2;2019:3159283. doi: 10.1155/2019/3159283.

Role of Interleukins in Inflammation and HTN 
Development. 

Inflammation as a Potential Therapeutic Target in Arterial
Hypertension

• Increased IL-1𝛽, IL-6, IL-8, IL-17, IL-23, TGF𝛽, and TNF𝛼 in hypertensive patients has been associated with either increased blood pressure 
values and/or end-organ damage.

• Moreover, some cytokines (i.e., IL-6) seem to determine a hypertensive response to angiotensin II, regardless of blood pressure values. 
• Understanding hypertension as an inflammatory-based pathology gives way to new therapeutic targets



Inflammatory cytokines as a risk factors for severe COVID-19

Schmidt FM et al Inflammatory cytokines in general and central obesity and modulating effects of physical activity. PLoS One. 2015 Mar 17;10(3):e0121971. doi: 
10.1371/journal.pone.0121971. 

• A cross-sectional study comprising 117 obese patients (body mass index (BMI) 30) and 83 non-obese community-based volunteers;

• General obesity was associated with significantly elevated levels of IL-5, IL-10, IL-12, IL-13, IFN-γ and TNF-α, central obesity with 
significantly elevated IL-5, IL-10, IL-12, IL-13 and IFN-γ-levels. 

• Results confirm up-regulation of certain pro- and anti-inflammatory cytokines in obesity

Obesity



Inflammatory cytokines as a risk factors for severe COVID-19

Franceschi C, Bonafè M, Valensin S, Olivieri F, De Luca M, Ottaviani E, De Benedictis G. Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y Acad Sci. 2000 Jun;908:244-54. 
doi: 10.1111/j.1749-6632.2000.tb06651.x. Rea IM,. Age and Age-Related Diseases: Role of Inflammation Triggers and Cytokines. Front Immunol. 2018 Apr 9;9:586. 

Inflamm-aging 

The major pro-inflammatory cytokines, such as IL-6, TNF- α, and IL-1α contribute significantly to the phenomenon of 
inflamm-aging in healthy elderly individuals , while also playing a major role in many age-related diseases

Cytokine dysregulation and NF-κB inflammation pathway 



Inflammatory cytokines as a risk factors for severe COVID-19

Camacho V, Kuznetsova V, Welner RS. Inflammatory Cytokines Shape an Altered Immune Response During Myeloid Malignancies. Front Immunol. 2021 Nov 3;12:772408. doi: 
10.3389/fimmu.2021.772408

Inflammatory Cytokines Shape in Myeloid Malignancies

Increased IL-6 levels drive LSC expansion and associated pathologies and in CML, increased IL-1b predicts a poor prognosis. 

it is likely that the efficacy for IL-10 might be best targeted in the early stages of diagnosis, where this cytokine could
interrupt inflammatory cascades and alleviate leukemia-promoting inflammation. 



mortality pregnant women 
was 10%, and twice as high as
that of non-pregnant women 

484 people in USA died from the 2009 H1N1 influenza, 28 (5. 
8%) were pregnant women, who accounted for only 1% of the 

US population

What did we learn from the previous
epidemic?

Susceptibility, severity and clinical course



- Less lung volume
- Increased secretions
- Increased minute ventilation
- Nasal mucosa
* Altered cellular immunity

Respiratory Changes in Pregnancy & Potential COVID Impact

Ayala-Ramírez P,et al. Severe Acute Respiratory Syndrome Coronavirus 2 Infection in Pregnancy. A Non-systematic Review of Clinical Presentation, Potential Effects of 
Physiological Adaptations in Pregnancy, and Placental Vascular Alterations. Front Physiol. 2022 Mar 30;13:785274. doi: 10.3389/fphys.2022.785274

Susceptibility, severity and clinical course



Abu-Raya B, et al. Maternal Immunological Adaptation During Normal Pregnancy. Front Immunol. 2020 Oct 7;11:575197
Levy A, et al. ACE2 expression and activity are enhanced during pregnancy. Am J Physiol Regul Integr Comp Physiol. 2008 Dec;295(6):R1953-61. doi: 10.1152/ajpregu.90592.2008

• complement activity during pregnancy ( Plasma levels of C3a, C4a, C5a, C4d, C3a, C3, C9, 
and the Serum Complement Membrane Attack Complex SC5b9 )

• hypercoagulable state, with a four-fold increased risk for deep vein thrombosis when
compared to non-pregnant women 

• A shift from the typically predominant T-helper 1 (Th1) system (pro- inflammatory cytokines
including Interferon-g, Tumor Necrosis Factor-α, and Interleukin (IL)-2), toward Th2 system 
dominance (characterized by presence of anti-inflammatory cytokines includ-ing IL-4, IL-5, 
IL-10, and IL-13). This shift occurs in the interest of fetal protection, it does so at the expense
of maternal vulnerability to viral infection, which is better contained by the Th1 system 

. 

The relative levels of ACE2 mRNA in the pregnant animal were
placenta > kidneys > or = uterus and of ACE2 activity kidney > 
placenta > uterus

During pregnancy, the placentas, in particular, but also the 
uterus, constitute important sources of ACE2, in addition to its
normal production in the kidney, leading to an estimated
twofold increase in total ACE2 activity. 

Changes in the immune system and ACE 2 receptor & Potential COVID Impact

Susceptibility, severity and clinical course



Jamieson DJ, Rasmussen SA. An update on COVID-19 and pregnancy. Am J Obstet Gynecol. 2022 Feb;226(2):177-186. doi: 10.1016/j.ajog.2021.08.054
Badr DA, et al. Are clinical outcomes worse for pregnant women at ≥20 weeks' gestation infected with coronavirus disease 2019? A multicenter case-control study with propensity score 
matching. Am J Obstet Gynecol. 2020 Nov;223(5):764-768. doi: 10.1016/j.ajog.2020.07.045
.

• Multicentric, France and Belgium, 4 hospitals
• From January 1, 2020, and May 13, 2020
• Pregnant women were at higher risk for ICU admission than nonpregnant

women (11.08% vs 2.38%; P¼.024). 
• In addition, they were also at higher risk for hospital admission because of 

COVID-19 respiratory decompensation such as dyspnea and hypoxemia
(58.21% vs 17.4%; P<.001)

• However, there were no cases of mortality in either of the 2 groups.

Susceptibility, severity and clinical course



Gengler C, Dubruc E, Favre G, Greub G, de Leval L, Baud D. SARS-CoV-2 ACE-receptor detection in the placenta throughout pregnancy. Clin Microbiol Infect. 
2021 Mar;27(3):489-490. doi: 10.1016/j.cmi.2020.09.049.

Diffuse membranous staining of villous cytotrophoblast and syncytiotrophoblast cells (arrows) with monoclonal Anti-ACE2 antibody (clone CL4035), dilution 1/1000 in a COVID-19 
positive mother, 19 weeks of amenorrhea. 

Hypothetically, two conditions are necessary for transplacental transmission to be possible: 
(a) the receptor for the virus, angiotensin-converting enzyme 2 (ACE2), 
(b) must be present in the placenta the virus must reach the placenta; 

In situ analyses by specific immunohistochemistry and SARS-CoV-2 detection by RT-PCR indicate a possible placental infection by SARS-CoV2. 
Trophoblastic cells, which are in direct contact with the maternal blood in the intervillous space, show strong expression of ACE2 throughout

pregnancy, supporting that SARS-CoV2 is able to infect the placenta via a receptor-mediated mechanism. 

Transmission of SARS-CoV-2 to the fetus and neonate



Resta L, et al. SARS-CoV-2 and Placenta: New Insights and Perspectives. Viruses. 2021 Apr 21;13(5):723. doi: 10.3390/v13050723.

• there are some more frequent characteristics in the placentas of infected women, in 
particular, maternal thrombosis and deciduous, increased intervillous fibrin, and, in rare 
cases, fetal thrombosis. 

• The immunohistochemical investigation demonstrates positivity for the anti-SARS-CoV-
2 spike glycoprotein antibody both among maternal cells (including inflammatory
intervillary cells) and in the trophoblast, and rarely in the endothelium. 

• The ultrastructural investigation demonstrated both the suffering of fetal endothelia
and the presence of particles attributable to SARS-CoV-2 in the trophoblast, in 
conjunction with its degeneration. 

Transmission of SARS-CoV-2 to the fetus and neonate



Anemia and risk for disease progression

Saracino & team. Anemia as a risk factor for disease progression in patients admitted for COVID-19: data from a large, multicenter cohort study. Sci 
Rep. 2023 Jun 3;13(1):9035. doi: 10.1038/s41598-023-36208-y.



Characteristics of SARS-CoV-2 patients dying in Italy Report based on available data 
on January 10th, 2022 

Con la fine dello stato di emergenza, al 30 marzo 2022, i centri
clinici non hanno più inviato le cartelle cliniche e i certificati,
pertanto i report di approfondimento sulle caratteristiche dei
decessi non sono stati più elaborati.

https://www.epicentro.iss.it/coronavirus/sars-cov-2-decessi-italia-archivio



Anti-SARS-CoV-2 drug intervention (the earlier the better!) 

Li G, et al. Therapeutic strategies for COVID-19: progress and lessons learned. Nat Rev Drug Discov. 2023 Jun;22(6):449-475. doi: 
10.1038/s41573-023-00672-y.



SARS-CoV-2 viral load and shedding kinetics

Puhach, O., Meyer, B. & Eckerle, I. SARS-CoV-2 viral load and shedding kinetics. Nat Rev Microbiol 21, 147–161 (2023). 
https://doi.org/10.1038/s41579-022-00822-w



https://ourworldindata.org/grapher/covid-variants-bar?country=~ITA

SARS CoV-2 sequences by variant



SARS CoV-2 sequences by variant

New versions of the Moderna, 
Novavax, and Pfizer boosters, expected
in the coming weeks, were designed to 
work against XBB.1.5, a close cousin of 
EG.5’s ancestor XBB.1.9.2. 

They are expected to offer better
protection than existing vaccines
against the EG.5 lineage.



Neutralisation sensitivity of SARS-CoV-2 lineages

The first cohort comprised individuals who received one of the BA.5 bivalent COVID-19 mRNA vaccines after receiving three doses of one 
of the original COVID-19 mRNA vaccines.  The other two cohorts included individuals who had a BQ or XBB subvariant breakthrough
infection after multiple vaccinations. 

Subvariants EG.5 and EG.5.1 are only modestly (1·7-fold) more resistant to neutralisation by serum antibodies than the previously
dominant subvariant XBB.1.5



Remdesivir patients hospitalised: the role of time 

Amstutz A, Effects of remdesivir in patients hospitalised with COVID-19: a systematic review and individual patient data meta-analysis of randomised
controlled trials. Lancet Respir Med. 2023 Aug;11(8):e77.

RCTs of remdesivir in adult patients
hospitalised with COVID-19 until April 
11, 2022 

10 480 patients hospitalised with 
COVID-19 

Remdesivir reduced mortality in 
patients hospitalised with COVID-19 
who required no or conventional
oxygen support, but was underpowered
to evaluate patients who were
ventilated when receiving remdesivir 

Remdesivir did not increase the 
frequency of severe or serious adverse
events 



Early Remdesivir to Prevent Progression to Severe Covid-19  in Outpatients

Gottlieb RL, et al. Early Remdesivir to Prevent Progression to Severe Covid-19 in Outpatients. N Engl J Med. 2022 Jan 27;386(4):305-315. doi: 
10.1056/NEJMoa2116846.

From September 18, 2020, through April 8, 2021, patients were enrolled at 64 sites in the United States, Spain, Denmark, and the United Kingdom. A total of 562 
patients who underwent randomization and received at least one dose of remdesivir or placebo were included in the analyses: 279 patients in the remdesivir group 
and 283 in the placebo group 

A randomized, double-blind, placebo-controlled trial involving non- hospitalized patients with Covid-19 who had symptom onset within the previous 7 days and who
had at least one risk factor for disease progression.

Patients were randomly assigned to receive intravenous remdesivir (200 mg on day 1 and 100 mg on days 2 and 3) or placebo. 

The primary efficacy end point was a composite of Covid-19– related hospitalization or death from any cause by day 28. The primary safety end point was any
adverse event. A secondary end point was a composite of a Covid-19– related medically attended visit or death from any cause by day 28. 



Real life experience on the use of Remdesivir Bari

Saracino group. Real life experience on the use of remdesivir in patients admitted to covid-19 in two referral italian hospital: a propensity score 
matched analysis. Under review on Scientific Report. 

The initial cohort included a total of 1,883 patients hospitalized for
COVID-19. Of them, 1,070 used remdesivir during the hospital stay.

The 1,070 participants taking remdesivir differed for several clinical
characteristics compared to the 813 controls, particularly regarding
comorbidities and presence of pneumonia radiologically identified
(p<0.0001 for all the comparisons).

Therefore, a propensity score matching was proposed for better
accounting of these baseline differences.



Real life experience on the use of Remdesivir Bari

Saracino group. Real life experience on the use of remdesivir in patients admitted to covid-19 in two referral italian hospital: a 
propensity score matched analysis. Under reviw on Scientific Report. 

The use of Remdesivir was associated with a reduction in disease progression with a lower incidence of non-invasive ventilation and severe 
COVID-19 cases, with a reduction in these risks of almost 75%. 

365 patients taking Remdesivir, we observed two cases of mild renal failure requiring a reduction in the dosage of Remdesivir and two cases 
in which the physicians decided to interrupt Remdesivir for bradycardia and for QT elongation. 



Efficacy and safety of therapies for covid-19 in pregnancy

Saracino group. Efficacy and safety of therapies for covid-19 in pregnancy: a systematic review and meta-analysis. BMC Infectious Diseases, 
accepted 

After excluding 897 works from their titles and abstracts, we assessed the full-texts of 40 articles, finally including ten studies, 
2,463 pregnant women 

In particular, in six studies including 1627 pregnant women, the use of casirivimab/imdevimab (four studies), remdesivir (one 
study) and IFN alpha 2b (one study) significantly decreased the need of Cesarean section (RR=0.665; 95%CI: 0.491-0.899; 
p=0.008; I2=19.5%)



Nirmatrelvir plus ritonavir during the Omicron era in Italy

Torti C et . Real-life comparison of mortality in patients with SARS-CoV-2 infection at risk for clinical progression treated with molnupiravir or nirmatrelvir plus 
ritonavir during the Omicron era in Italy: a nationwide, cohort study. Lancet Reg Health Eur. 2023 Jul 14;31:100684. doi: 10.1016/j.lanepe.2023.100684.

The present study provides strong support to nirmatrelvir plus ritonavir rather than molnupiravir as a preferred option for 
early treatment of SARS-CoV-2 infected patients at risk of clinical progression not with standing receipt of a full vaccine 
course in the Omicron era. 



Nirmatrelvir plus ritonavir during the Omicron era in Italy

Torti C et . Real-life comparison of mortality in patients with SARS-CoV-2 infection at risk for clinical progression treated with molnupiravir or nirmatrelvir plus 
ritonavir during the Omicron era in Italy: a nationwide, cohort study. Lancet Reg Health Eur. 2023 Jul 14;31:100684. doi: 10.1016/j.lanepe.2023.100684.



Nirmatrelvir plus ritonavir… significant cost savings

Nirmatrelvir-ritonavir reduced mortality by 23.0 
percentage points, indicating the incremental cost-effec-
tiveness ratio (ICER) of USD 5502.53 



Sotrovimab and Eris Variants

Next, we assessed EG.5.1pp and XBB.2.3pp neutralisation by therapeutic antibodies.  All S protein-bearing
particles were efficiently inhibited by sotrovimab (Xevudy, GlaxoSmithKline, London, UK), with inhibition of 
particles bearing XBB S proteins being less efficient as compared with B.1pp



Use of Sotrovimab in pregnant women

Frallonardo L, et al. Use of Sotrovimab in a cohort of pregnant women with a high risk of COVID 19 progression: a single-center experience. Pathog Glob Health. 2023 
Jul;117(5):513-519. doi: 10.1080/20477724.2023.2188839.



Use of Sotrovimab in pediatric unit

Venturini E, et al. Safety of Sotrovimab use in children with COVID-19: an Italian experience. J Chemother. 2023 Aug 21:1-4. doi: 10.1080/1120009X.2023.2250138. 
Epub ahead of print. PMID: 37605372.

Sotrovimab was prescribed in 
line with EMA) and 
AIFAindications in children
over 12 years and weighing
more than 40 kg. In selected
cases of children under 
12 years and weighing less
than 40 kg Sotrovimab was
prescribed off-label, subject to 
parental consent, according to 
the local hospitals’ procedure.

Overall, the infusion was well
tolerated with no significative 
differences in those receiving
an off-label prescription



Use of Sotrovimab in frail patients

Nevola R, et al. Mortality and risk factors of vaccinated and unvaccinated frail patients with COVID-19 treated with anti-SARS-CoV-2 monoclonal antibodies: A real-
world study. Int J Infect Dis. 2023 Jun;131:155-161. doi: 10.1016/j.ijid.2023.03.030.

Among 1026 COVID-19 patients enrolled, 
60.2% received casirivamab/imdevimab
and 39.8% sotrivimab. 

Median age was 63 years, 

No differences in outcomes were
observed between the two mAbs used. 

Early administration of mAbs was
associated with lower mortality (P
<0.007)



Take home message

o Early recognition of patient with risk factors to desease progression;

o time is an ally not an enemy;

o safe drugs ;

o monthly updates on variants and escape phenomena;

o needs quality research



francesco.digennaro1@uniba.it

To further information


