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Resilience: Definitions and Background

 

Botanical Dietary Supplements as Antiviral Resilience Promoters

• ImmulinaÒ (an extract of Arthrospira/Limnospira) 

• Andrographis paniculata

Questions and Answers



Influenza Antiviral resilience

https://ods.od.nih.gov/Research/resilience.aspx

Adapted 
to our 

research 

Trans-NIH Resilience 
Working Group defines
resilience as:

“the capacity to resist, 
adapt to, recover, or grow 
from a challenge”

https://ods.od.nih.gov/Research/resilience.aspx


Definition of  “immunologic resilience” (IR)
Increasing antiviral-specific immunocompetence while simultaneously controlling a potentially harmful 
overexpression of viral-induced inflammatory cascade

Concept first introduced: Lee GC et al (2021). Immunologic resilience and COVID-19 survival advantage. 
Journal of Allergy and Clinical Immunology 148: 1176-91
IR describes “optimal balance”

Ø Enough immune response to fight the viral infection (“high immunocompetence”)
Ø But not an excessive/overactive immune response (“low inflammation”)

Categorize into different ”immune health grade” or phenotypes
Ø Peripheral blood CD4+:CD8+ ratio, CD4+ T-cell counts
Ø Blood gene expression signatures (inflammation markers)

IR was a predictor of COVID-19 survival
Ø Patients with higher IR = better survival
Ø Patients with lower IR = more susceptible to severe disease and death
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Overall Aim

To generate sufficient data to optimally design 

and interpret a future efficacy clinical trial on the 

use of Immulina in promoting antiviral resilience



Limnospira (formally Arthrospira) fusiformis, commonly known as spirulina

Why did we select Limnospira/Arthrospira for our research?
Ø In the mid 1990’s the NCNPR established a research unit (that was headed by 

Dr. David Pasco) to investigate the immune-enhancing properties of botanicals
Ø In vitro assay system: NF-kappa B in THP-1 monocytes
Ø Screening efforts discovered that extracts of Limnospira/Arthrospira were 

hundreds of times more active than other botanicals
Product of investigation = Immulina®
Ø Aqueous ethanol extract of Limnospira developed to enrich the level of immune-

enhancing compounds (US Patents 7,205,284 and 7,846,452)
Ø Commercially sold for over 15 years in US and Europe
Ø Sold as a botanical ingredient by Niagen Bioscience (formerly ChromaDex)
Ø Consumer products available from companies (e.g., Re:Sist by Vollara)



Int Immunopharmacol 2006, 6: 1808-1814
Planta Med 2010, 76(16): 1802-1808
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Majority of activity detected in Immulina is 
due to Braun-type lipoproteins (activators 
of Toll-like receptor 2)



Immulina exhibits no in vitro antiviral activity against influenza A (H1N1)
Phytomedicine 2024, 132: 155778 and Phytomedicine 2024, 132: 155588

Inhibition of cytopathic effect from viral infection of MDCK cells
 EC50 = 50% effective antiviral concentration
 CC50 = cytotoxic concentration of sample without virus added
 Selective Index = CC50 / EC50



Resilience research design: answering when should Immulina be administered for optimal 
efficacy in a future clinical study

Dr. Tahir Mir
Investigator

Dr. Jin Zhang
Investigator

Dr. Khalid Ashfaq
Senior Investigator

Dr. Kashif Shamim
Investigator

• Male and female C57BL/6 mice
• Three doses of Immulina (100, 50 and 25 mg/kg), oral administration



Mouse model #1:
PRE-challenge
(prophylaxis)

Mouse model #2:
INTRA-challenge
(prodromal)

Mouse model #3:
POST-challenge
(therapeutic)

Sacrifice time points post-infection
10 15

H1N1 virus 
intranasal

Clinical assessment, record body weight
Collect Lung tissue for histopathology. 

Homogenate lung for viral load, cytokines and IgA 
assessment

73 5

Sacrifice time points post-infection
10 15

H1N1 virus intranasal

73 5AIN-93M daily for 2 weeks

Sacrifice time points post-infection
10

15

H1N1 virus 
intranasal

753
AIN-93M daily for 2 weeks

AIN-93 M feed
Oral gavage Immulina daily for 2 weeks

(pre-infection only)

Oral gavage Immulina daily for days 0-15
Clinical assessment, record body weight.

Collect Lung tissue for histopathology. Homogenate lung collect for 
viral load, cytokines and IgA

Oral gavage Immulina daily for days 3- 15
Clinical assessment, record body weight

Phytomedicine 2024, 132: 155778 and Phytomedicine 2024, 132: 155588



Phytomedicine 2024, 132: 155778 and Phytomedicine 2024, 132: 155588

Immulina’s effect on physical parameters and viral load for the three different models of antiviral resilience



Phytomedicine 2024, 132: 155778 and Phytomedicine 2024, 132: 155588

Immulina’s effect on lung cytokine levels for the three different models of antiviral resilience



Phytomedicine 2015, 22: 271-276
Int J Exp Pathol 2023, 104: 283-291 
Phytomedicine 2024, 132: 155778
Phytomedicine 2024, 132: 155588

Working model of how Immulina enhances antiviral immunologic resilience

ImmulinaÒ 
(standardized 

Arthrospira extract)

Influenza A

Antiviral resilience

Oral
Prophylactic ✓

Prodromal ✓
Therapeutic ✕ Intranasal

Gut mucosal immune system
(e.g., ↑IL-6 and ↑IgA in Peyer’s patches)

↑ IL-6 

Modulation of systemic 
immune system

↑ T-cells and M1 
    macrophages
↑ Inflammation 

↑ IFN-g 

↑ CD8+ cytotoxic 
    T-cell activity
↑ NK cell activity 

Planta Med 2010, 76(16): 1802-1808

Int Immunopharmacol 2006, 6: 1808-1814



Gailen Marshall, MD PhD
University of Mississippi 

Medical Center

Ongoing Biomarker-Based Human Trial
Scheduled for completion in 2026

Participants

• Assigned to one of four groups, for 16 weeks:
Ø (1) placebo
Ø (2) 200mg/day
Ø (3) 400mg/day 
Ø (4) 800mg/day

• Blood draws:
Ø At baseline and various timepoint during 16 weeks of Immulina
Ø At various time point for 28 days after stopping Immulina

Study design

• Cohort 1 = age 18-64
• Cohort 2 = age 65 and above
• Normal (clinically stable) individuals



Antiviral immune biomarkers measured in blood samples
• NK activity (% lysis, activation)
• Cytokine profile 
• Cell numbers

Outcomes – helping the design a future resilience efficacy intervention trial
• Determine the optimal dosage of Immulina that will maximize the antiviral immune 

biomarkers
• Establish the timeline for optimal biomarker response for both initial changes and 

maximal changes and duration of the change once the Immulina is discontinued

Enrollment
• Goal 216 total per cohort (enrollment and sample collection completed)
• Sample and data analysis – currently in progress
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Traditional Use
§ Widely used for thousands of years in India, China, and other Southeast Asian 

countries. 
§ For example, in Thailand it is included in the National List of Essential Medicines 

as a first line herbal remedy to reduce fever and sore throat.

Commercially Available
§ 311 products marketed in the U.S. with A. paniculata listed as an ingredient.

NIH's Dietary Supplement Label Database, accessed May 29, 2024.

Safety
§ A meta-analysis study concluded that the incidence of serious adverse events 

reported in human clinical trials was very rare (0.02 cases per 1,000 patient 
Pharmacoepidemiol Drug Saf (2021), 30: 727-39.

Potential Candidate for Enhancing Antiviral Resilience
§ Andrographolide is reported to have both antiviral + immunomodulatory activities

Why did we select Andrographis paniculata for our research?



In vitro effect on cellular immune targets (NF-κB)
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Dr. Jin Zhang

Frontiers in Pharmacology 2026, 17: 1749384



In vitro 
effect on 
cellular 
immune 
targets (Nrf2 
and iNOS)

Dr. Shabana 
Khan’s Lab

Frontiers in Pharmacology 
2026, 17: 1749384



Significant knowledge gaps in previous published rodent studies on A. paniculata 
relating to clinical relevance

(1) Oral administration was not always used

(2) All doses higher than typical human consumption 

(3) Exclusive evaluation of chemically purified compounds (not whole 
extracts or raw material)

Objective: to evaluate A. paniculata using an influenza infection 
mouse model with factors that aligns with its traditional use.



Frontiers in Pharmacology 2026, 17: 1749384

Ø “NOW® Andrographis Extract”
Ø A crude alcoholic extract standardized to contain 

≥10% andrographolides

Ø Male C57BL/6
Ø Non-lethal infection with influenza A/Puerto 

Rico/8/34 (2.5 x 104 TCID50)
Ø Daily oral dose = 250 mg/kg body wt

• HED of 1,200mg (allometric conversion factor)
• Label-recommended daily dose is 800 – 

1,200mg (Now Foods)

Evaluation of A. paniculata extract using a mouse model of viral infection

Five-fold reduction
p = 0.021

Dr. John  
Bates Lab

Dr. Kashif 
Shamim



Next steps for A. paniculata research

ØDetermination of dose response

ØOptimal treatment schedule (3 mouse resilience models)

ØInvestigation of innate/adaptive immune mechanisms

ØHelp guide the design and interpretation future clinical trials

Long-term objective: provide evidence-based guidance on public health utility 
of A. paniculata’s potential for enhancing antiviral immunologic resilience



Thank you to our funding sources

1. Grant U19AT010838 from the Office of Dietary Supplements and National Center for 

Complementary and Integrative Health of the National Institutes of Health.

 The content is solely the presenters’ responsibility and does not necessarily represent 

the official views of the National Institutes of Health.

2. Specific Cooperative Agreement number 58–6060–6-015 from the United States 

Department of Agriculture, Agricultural Research Service.



Resilience: Definitions and Background

 

Botanical Dietary Supplements as Antiviral Resilience Promoters

• ImmulinaÒ (an extract of Arthrospira/Limnospira) 

• Andrographis paniculata

Questions and Answers


