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Adjunctive immuno-modulatory agents for severe influenza 

•  Systemic corticosteroids 
•  Passive immunotherapy- Convalescent plasma, hyper-

immune IVIg, IVIg. 
•  Other agents (eg macrolide, NSAID, sirolimus, 

nitazoxanide, statins, NAC, herbal medicine, chloroquine, 
pamidronate, peroxisome proliferator-activated receptor- 
agonists, celecoxib, melasazine, mycophenolic acid, anti 
C5a antibody, ARB, human mesenchymal stromal cells, 
endosomal NOX2 inhibitor) 

 







High plasma levels of IL-6, IL-8, MCP-1 & sTNFR-1 were observed, which correlated 
with the extent & progression of pH1N1 pneumonia in hospital. Lee N, et al. AVT 2011. 



                                               



N=2649 adults hospitalized with influenza in HK, Singapore & Beijing in 2008-11 
Flu A/H3N2 (>45.8%), Flu B (11.1%), A(H1N1)pdm09 (36.3%) 

 
 

•  Pneumonia (40.8%), resp failure (48.6%) , assisted ventilation(11.5%) 
•  Bacterial super-infections (10.8%) - S. pneumoniae, S. aureus, H influenzae 
•  73.8% received oseltamivir (44.5% ⩽2 days & 65.5% ⩽5 days after illness 

onset);  
•  23.1% given systemic corticosteroids.  
•  Bacterial super-infections ↑ risk of death (adj HR 2.2, 95%CI 1.5–3.1) 
•  Systemic corticosteroids ↑ risks of super-infections (2.7% à 9.7%) & deaths 

(adj HR 1.7, 95% CI 1.1–2.6)  when controlled for indications.   
   

          Lee N, Leo YS, Cao B, et al. ERJ 2015 



On meta-analysis, corticosteroid Rx was associated with ↑ in 
mortality (OR 3.06, 95%CI 1.58 to 5.92). Pooled subgroup 
analysis of adjusted estimates of mortality from 4 studies found 
OR 2.82, 95% CI 1.61 to 4.92.  

 



High-dose corticosteroids associated with increased mortality & 
longer viral shedding in pts with influenza A (H7N9) viral pneumonia.

Cao B, et al. Crit Care Med 2016

(> 150 mg/d methylpred eqv) (25–150mg/d methylpred) 



Systemic Corticosteroids  
 We suggest against using intravenous 

hydrocortisone to treat septic shock patients if 
adequate fluid resuscitation and vasopressor 
therapy are able to restore hemodynamic 
stability. If this is not achievable, we suggest 
intravenous hydrocortisone at a dose of 200 mg 
per day. 

(Weak recommendation; low quality of evidence)  

Survival Sepsis Campaign. ESICM 2016 



What may be useful? 
•  Convalescent plasma 
•  Hyperimmune IVIg 
•  IVIg 



Exploratory post-hoc meta-analysis of 
studies of SARS & severe influenza 
showed a significant ↓ in the pooled 
odds of mortality following 
convalescent plasma vs placebo or no 
Rx (OR 0·25; 95%CI 0·14 to 0·45).  
Mair-Jenkins J. JID 2015 






Fatal cases of pH1N1 
unable to mount Ab 
response vs survivors 



Pts with severe flu A or B (hypoxia or tachypnoea) randomly 
assigned to either 2U (or paed eqv) of anti-influenza plasma (HI 
Ab at least 1:80) + std care vs std care alone, & FU for 28 days. 
Beigel JH, et al. Lancet Respir Med 2017 

Resp rate ≤20/min 
for adults or age-
defined thresholds 
of 20-38/min for 
children) & a room 
air SaO2≥ 93%.  
 



•  Pts on standard antiviral therapy & ICU 
support randomized to receive H-IVIG (n = 
17) or IVIG (n = 18).   
•  The H-IVIG group had lower D5 & 7 
viral load vs the control. 
•  H-IVIG treatment was the only factor 
which independently reduced mortality 
(OR: 0.14, 95% CI, 0.02-0.92; p=0.04) 
among those (n=22) who received either H-
IVIG or IVIG < 5 days of symptom onset .   
              Hung IF. Chest 2013


5 hospitals in HK comparing H-IVIG prepared from 
plasma of persons who had recovered from 
A(H1N1)pdm09 vs normal IVIG made before 2009 .   




Prepandemic IVIG & sera from Kawasaki 
disease pts treated with this IVIG found to 
have A(H1N1)pdm09-specific micro-
neutralization & hemagglutination inhibition 
Abs. Hong DK, et al. Pediatr Infect Dis. 2011 
 
Significant neutralizing Abs vs A(H2N2) 
viruses in human IVIg lots made from 1993 
to 2010 in Japan. Kubota-Koketsu R, et al. 
Biologics. 2012; 6:245-7. 
 
IVIG manufactured from 1999 to 2014 
exhibited significant HI & MN titers vs all 
investigated strains (A/H1N1, A/H3N2, & B). 
Onodera H. Biologics. 2017; 11: 23–30.  



 



Chong JL, et 
al. 

59yr old M, 4 
days of fever & 
2 days of SOB. 
Rx oseltamivir 
150mg bd, 
ceftriaxone & 
azithromycin on 
D7 illness (D1 
hosp adm). 

IVIg given at 
D14-18 of 
illness 

D7 D13 

D19 2M post DC 

Malaysia 



Agents with some positive human data but need 
more studies 

•  Macrolide ± NSAID 
•  Sirolimus 
•  NAC 
•  Nitazoxanide (NTX) 



Faster ↓ in pro-
inflammatory cytokines  
IL-6, IL-8, IL-17 & CXCL9/
MIG in the oseltamivir-
azithromycin gp;  
 
Trends of ↓ shown for 
sTNFR-1, IL-18, & CRP.  
 
No significant difference in 
viral RNA decline (P=0.78) or 
culture-negativity rate.  
 
An insignificant trend in 
↓symptom-score (β -0.463, 
95%CI-1.297,0.371, P=0.28; 
-79.0% vs -70.4%).  
 
Lee N, et al. Antiviral Res 
2017

Oseltamivir & azithromycin (500mg/d) (n=25) vs oseltamivir alone (n=25) for 5 days. 




NPA virus titer, PSI (day 1-3;P<0.01), & NPA specimens with NAI resistant H3N2 quasispecies 
≥5% (day 1-2;P<0.01) were significantly lower in the combination Rx group. Combination Rx was 
the only independent factor associated with lower 30-D mortality (OR: 0.06; 95%CI, 0.004-0.94; 
P=0.04). Hung IF, et al. Chest 2017

Triple therapy was associated with lower 
30-D mortality (P=0.01), less frequent 
ICU/HDU adm (P<0.001), & shorter LOS 
(P<0.0001) vs oseltamivir alone.

RCT. H3N2

2-day combination of clarithromycin 500 mg, 
naproxen 200 mg, & oseltamivir 75 mg bd 5 days 
vs oseltamivir 75 mg bd for 5 days as controls.  



In cell culture, H5N1 infection caused autophagic cell 
death through mTOR signaling. Inhibition of the 
mTOR could potentially inhibit autophagic cell death 
& may have +ve impact in preventing ARDS.

All pts received oseltamivir 75mg bd  for 10 days & prednisolone 20mg/ D for 14days! Sirolimus 
gp received 2mg/d for 14 days. 

LRT viral RNA negativity D7= 75% vs 33%, p<0.05.  
Wang CH, et al. Crit Care Med 2014; 
42:313-21 
 



N=624, randomly assigned to placebo bd, NTX 300 mg bd, & NTX 600 mg bd.  
The median duration of symptoms for participants receiving placebo was 116·7 h (95% CI 108·1–
122·1) vs 95·5 h (84·0–108·0; p=0·0084) for those receiving 600 mg NTX & 109·1 h (96·1–129·5, 
p=0·52) for those on 300 mg NTX.    
                                                                     Haffizulla J, et al. Lancet  ID 2014

Rx with NTX 600mg bd for 5 days 
was associated with  ↓ in duration of 
symptoms in pts with acute 
uncomplicated influenza. 

Nitazoxanide - an oral 
antiparasitic drug with 
immuno-modulatory 
effects, including upregulation 
of IFN & various IFN-inducible 
genes & a specific influenza-
inhibitory effect related to 
blockade of HA 
maturation.



Lai KY, et al. Annals Intern Med 
2010; 152:687-8 

48 yr old lady with severe pneumonia & septic shock. Rx NG oseltamivir, 75 mg bd, & IV 
antibiotics on D1. Oseltamivir ↑ to 150 mg bd from D2 & started high-dose NAC D3 at 100 
mg/kg continuous IV infusion daily for 3 days & then oral NAC 600mg bd but worse. High dose 
NAC restarted D10. 

 Oral NAC 

 

Home 
on D20 

Both CRP 
& FiO2 ↓ 
whenever 
HDNAC 
infused 



Geiler J, et al. Biochem Pharmacol 2010 
 

 

 

Mata M, et al. NAC inhibits mucin synthesis & pro-
inflammatory mediators in alveolar type II epithelial 
cells infected with flu virus A & B & with RSV. 
Biochem Pharmacol. 2011.  
Garozzo A, et al. NAC synergizes with oseltamivir in 
protecting mice from lethal influenza infection. Int J 
Immunopathol Pharmacol.2007. 
 

 


NAC at [  ] 5-15mM ↓ H5N1-induced 
cytopathogenic effects, virus-induced 
apoptosis & viral loads 24 hrs post infection. 
NAC ↓ production of pro-inflam molecules in 
H5N1-infected lung epithelial (A549) cells.  

Antiviral & anti-inflam mechanisms of NAC: 
inhibition of activation of oxidant sensitive 
pathways including transcription factor NFKB 
& mitogen activated protein kinase p38. 
 
 
 
 



Agents with uncertainty 
•  Statins 
•  Herbal Medicine 





Unlike oseltamivir, 
simvastatin did not 
↓morbidity, mortality, 
or viral load of mice 
infected with H1N1 or 
H5N1 viruses.  
 
No added benefit 
when mice were 
treated with 
Oseltamivir + 
simvastatin.  
 
Simvastatin Rx ↓ the 
production of IFNƔ, 
IL-10, & TNFα in the 
lungs of H5N1 virus-
infected mice on day 
3p.i (p<0.05) 



A multicenter trial in which pts with sepsis-assoc  ARDS randomly assigned 
to receive either enteral rosuvastatin or placebo in a double-blind manner.  
Rosuvastatin did not improve clinical outcomes in pts with sepsis-assoc 
ARDS & may have contributed to hepatic & renal organ dysfunction.



•  Significant ↓ in the estimated median time to fever 
resolution seen with oseltamivir, MY, & oseltamivir
+MY vs the control group.  

•  Time to fever resolution ↓ by 19% (CI, 0.3% to 
34%; P= 0.05) comparing oseltamivir+MY vs 
oseltamivir.  

•  Ephedra is the main ingredient; its biological effects 
due to its ephedrine & pseudo-ephedrine content 



Mildly ill hosp pts without lung infiltrates. Age 15-59yrs. 
Wang C, et al. Ann Intern Med 2011. 2 pts who 

received MY 
had nausea & 
vomiting. 
No viral 
kinetics data! 





Agents with more uncertainty 
•  Mycophenolic acid had antiviral activity against 8 different clinical isolates of 

A(H1N1), A(H3N2), A(H7N9) and flu B viruses (IC50 <1 µM) on plaque reduction 
assay. The antiviral effect of MPA completely reverted by guanosine 
supplementation. To KK. J Gen Virol 2016. 

•  PPAR- γ agonist (pioglitazone) ↓ mononuclear cells & neutrophils in BAL & ↑ 
peripheral CD4 & CD8 cells in mice exposed to A(H1N1) & smoke. Bauer CM, et 
al. PLoS One 2010 

•  Significant improvements in survival rates in the BALB/c mice treated with a triple 
combination of zanamivir, celecoxib & mesalazine vs zanamivir alone 48 hrs 
after challenged with flu A/H5N1/ VN/1194 /04. Zheng B et al. PNAS 2008 

•  Chloroquine inhibited autophagy in mouse lung induced by H5N1 while viral 
loads & proinflam cytokines not significantly affected. CQ raises lysosomal pH, 
leading to inhibition of both the fusion of auto-phagosomes with lysosomes & 
lysosomal protein degradation (inhibiting influenza virus endocytotic cell injury). 
Yan Y. Cell Res 2013 



Agents with more uncertainty 
•  In mice, infection with A H5N1 virus results in downregulation of ACE2 expression in the lung and 

increased serum angiotensin II levels. Genetic inactivation of ACE2 causes severe lung injury in H5N1-
challenged mice. Administration of recombinant human ACE2 ameliorates avian influenza H5N1 virus-
induced lung injury in mice. Zou Z, Nature Commun 2014 

•  Early Rx with intraperitoneal pamidronate ↓ morbidity & mortality of H7N9-infected mice through 
controlling both viral replication & inflammation in affected lungs. Antiviral effects of pamidronate partly 
mediated by IFN-γ secreted from human Vδ2-T cells which could directly kill virus-infected host cells in a 
perforin-, granzyme B- & CD137-dependent manner. Zheng J, PLoS One 2015 

•  Human mesenchymal stromal cells improved alveolar fluid clearance in vitro & in vivo in A/H5N1-
infected aged mice through secretion of soluble paracrine growth factors (Ang1 & KGF). Chan MC. PNAS 
2016 

•  Anti-C5a treatment (blocking complement activation products) in H7N9-infected monkeys led to: a) ↓ALI, 
with ↓ in  lung histopath injury b) ↓systemic inflammatory response; body temp changes minimal & ↓ in 
plasma levels of inflammatory mediators. c) ↓ virus titers in the infected lungs. Sun S, et al. CID 2015 

•  Influenza virus infection activates endosomal NOX2 oxidase & restricts TLR7 signaling, and that an 
endosomal NOX2 inhibitor ↓ viral pathogenicity. To E. Nat Commun 2017.



NTX
MPA 
Herbal med 
Chloroquine 
ACE2 
Pamidronate 
Human mesenchymal 
stroma cells 
Anti C5a Ab 
NOX2 inhibitor

*

*

*

Macrolide + NSAID 
Sirolimus



•  A severe inflammatory immune response with hypercytokinemia occurs in patients 
hospitalized with severe influenza. 

•  Systemic corticosteroids administered in high dose may ↑ the risk of mortality & 
morbidity. 

•  Passive immunotherapy such as convalescent plasma & hyperimmune globulin may 
be useful as an adjunctive therapy. 

•  Confirmation of the efficacy of triple therapy (oseltamivir, clarithromycin, & naproxen) 
would be of great interest. 

•  Other agents esp sirolimus, NAC, NTX, etc deserve more investigation by RCTs 



Thank you! 


