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2011 Nobel Prize in Physiology or Medicine

Bruce Beutler
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Fig. 1. Characterizing innate immune response upon viral and bacterial stimulation of primate white blood cells. (A) Schematic representation of the study
design. Whole-blood samples from humans, common chimpanzees, rhesus macaques, and olive baboons were stimulated with bacterial or viral stimuli via
venous draw directly into a media culture tube containing either LPS, single-stranded RNA viral mimetic GARD, or endotoxin-free water, as a negative control
(Control). At 4 and 24 h poststimulation, white blood cells were isolated, and RNA was extracted for RNA-seq. (B) Cell proportions of six populations of
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BRIEF REPORT: SHOCK AND MULTIPLE-
ORGAN DYSFUNCTION AFTER SELF-
ADMINISTRATION OF SALMONELLA

ENDOTOXIN

AnGeLO M. TAVEIRA DA Sinva, M.D., Pu.D,,
HeLen C. KavLBacH, M.D.,
Francrs S. Cauipian, M.D.,

Davip R. LameerT, M.D.,
AnTHONY F. SUFFREDINI, M.D.,
AND RoBerT L. DAnNER, M.D.

1458 THE NEW ENGLAND JOURNAL OF MEDICINE
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cal signs and symptoms. We describe a patient who ¢/
self~administered a single large dose of endotoxin and

in whom the full clinical manifestations of septic shock
syndrome developed.

CAase REpPORT

A middle-aged laboratory worker was brought to the emergency
department because of malaise, headaches, nausea, and vomiting.
The patient was awake but listless with a pulse of 114 per minute, a
blood pressure of 42/20 mm Hg, and an oral temperature of 40°C.
The patient was treated with intravenous fluids, and a dopamine
infusion was started at a dose of 5 ug per kilogram per minute.
Blood cultures were obtained, and vancomycin and gentamicin
were administered intravenously. The results of a urinalysis, chest
roentgenography, and electrocardiography were normal. The pa-
tient was admitted to the medical intensive care unit with a pre-
sumptive diagnosis of septic shock.

May 20, 1993

Table 1. Hemodynamic Measurements and Vasopressor Administration after the Injection of S. minnesota Endotoxin.*

Hours CUMULATIVE
AFTER FLUID INTAKE MEAN
ENDOTOXIN N EXCEsS NOREPI- ARTERIAL
INJECTION WEIGHT oF OuTPUT DOPAMINE NEPHRINE PRESSURE
kg mi mglkgimin mglmin
S 66.4 4,000 5.0 _ 47
12 —_ 5,000 12.4 9.4 60
17 _— 6,900 12.4 9.4 77
24 — 9,200 3.8 15.6 86
28 -_ 10,300 4.4 15.6 78
32 — 10,600 1.6 15.6 82
44 — 14,600 1.6 2.1 71
50 76.5 14,900 1.6 — 78
72 75.2 15,775 — — 84
Normal — — —_ —_ 70-105
range¥

PULMONARY-
CAPILLARY
WEDGE
PRESSURE

3.0

4.0
10.0
12.0
16.0
21.0
15.0
12.0

2.0-10.0

SYSTEMIC- LEFT
VASCULAR- STROKE- VENTRICULAR-
CARDIAC RESISTANCE VOLUME  STROKE-WORK
INDEX INDEX INDEX INDEX
liters/
min/n? dyn . sec - em=3 . n? mllo?® gIminim?®
5.0 800 46 29.4
4.6 1165 43 35.0
3.5 1896 40 47.8
3.3 1781 31 39.6
3.8 1560 40 42 .4
4.9 933 46 44 .4
4.3 1338 45 50.1
3.0 2000 39 44.5
2.6—42 1200—-2800 30-65 30-90

*Hemodynamic variables were measured directly from strip-chart recordings or calculated with standard formulas.”

+The normal ranges for adults were obtained from Gr 1o
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Figure 1. Serial Changes in Body Temperature and Heart Rate,
Total White-Cell Count and Platelet Count, and Prothrombin Time

. (PT) and Partial-Thromboplastin Time (PTT) after the Intravenous

Injection of Endotoxin.
The arrows denote the time at which HA-1A antibody was
administered.

Table 2. Serial Serum Concentrations of Endotoxin and Cyto-
kines after the Injection of S. minnesota Endotoxin.*

HoOURS AFTER
EnpoToxmN TNF-a 8y TNF-a BY INTERLEU- INTERLEU-
INJECTION EnpoToXIN ELISA  BioassaY  KIN-6 KIN-8 G-CSF
EUimit pgiml

3.6 NA 14,630 9,157 NA NA NA
6.8 0.38 147 17 263,510 16,410 NA
1.5 <0.05 NA NA 51,910 3,190 NA
22.5 0.19% NA NA 1,620 520 21,070
24.0 0.80% 22 <10 927 380 230,690
24.5 <0.05 NA NA 489 230 174,200
25.5 <0.05 16 <10 480 210 164,870
26.5 NA <10 <10 590 650 10,630
48.0 NA <10 <10 NA NA NA

Normal value§  <0.05 <10 <10 <100 <50 <100

*TNF-a was measured by bioassay and ELISA, interleukin-6 and granulocyte colony-stimu-
lating factor by a double-ligand immunoassay, and interleukin-8 by ELISA. G-CSF denotes
granulocyte colony-stimulating factor, and NA not available.

1 EU = 0.1 ng of U.S. Standard Reference Endotoxin.
1This value may represent exogenous conlamination of the specimen.

§Normal values are based on product information from R&D Systems and studies in human
volunteers. 14
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Cytokine Storm in a Phase 1 Trial of the
Anti-CD28 Monoclonal Antibody TGN1412

Ganesh Suntharalingam, F.R.C.A., Meghan R. Perry, M.R.C.P.,
Stephen Ward, F.R.CA,, Stephen J. Brett, M.D., Andrew Castello-Cortes, F.R.C.A.,
Michael D. Brunner, F.R.C.A., and Nicki Panoskaltsis, M.D., Ph.D.
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( TGN1412 infusion

Headache, rigors, lumbar myalgia |7 Epiphenomena: desquamation, difficulties
with concentration, calf myalgia
Hypotension, tachycardia

— Fever, lymphopenia, monocytopenia ——------ 1

First corticosteroid dose l_ Leukocyte recovery —|

Transient improvement

|7 Increasing ALT, thrombocytosis —'

I Multiorgan failure (Patient 6) —|
|7 Multiorgan failure (Patient 5) —I

Multiorgan
failure
(Patients 1-4)

Figure 1. Summary Timeline of the Main Events after Infusion of TGN1412.

The course is divided into four phases: cytokine storm, reactive, recovery, and steady state. ALT denotes alanine

aminotransferase. Dashed lines represent the responses of Patients 5 and 6 (who were the most seriously ill).
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Alex Schuurman, elife, 2021 and data in preparation
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Figure 4: Mechanistic comparison of inflammatory processes in patients with COVID-19 versus ARDS, sepsis, and CART cell-induced CRS

ARDS=acute respiratory distress syndrome. CART cell-induced CRS=chimeric antigen receptor T cell-induced cytokine release syndrome. CRP=C-reactive protein. DAMPs=damage-associated molecular
patterns. IFN=interferon. IL=interleukin. LDH=lactate dehydrogenase. PAMPs=pathogen-associated molecular patterns. PCT=procalcitonin. ROS=reactive oxygen species. SARS-CoV-2=severe acute
respiratory syndrome coronavirus 2. ssRNA=single-stranded RNA. vWF=von Willebrand factor. *Effector function measured by ex vivo functional assays.
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Sir William Osler on sepsis:
“Except on few occasions, the patient appears to die
from the body's response to infection rather than from it”

arjyic (Sepsis)

Hippocrates uses the term sepsis meaning
the process of decay or decomposition of
organic matter adding “when continuing
fever is present, it is dangerous if the
outer parts are cold, but the inner parts

are burning hat”

Blood poisoning

1870-1904

Sepsis-3

Sepsis-4

Temperature
White bloed cell count

Heart rate

Respiratory rate

> 38 or < 36°C

* 12000, or < 4000/mm?
or 2 10% bands

> 50 beats/min

> 20 breaths/min or
PaC0; « 32 mm Hg

SIRS

(Systemic Inflammatory Response Syndrome)

criteria

@ — SOFA Score h
e mor gy 200633 w0033 oo | REIREL |y e
anlaa'l:IIle'ht:nnmlﬂﬁmL 2150 <150 <100 <50 <20
:';‘;‘hh“ meldL umot) | <12 20) 12-19(2032) |20-59(33101) (60119 (102-204) | »120(204)
fﬂmﬂml " MAP >70 mmHg | MAP <70 mmHg ﬁf.l"a'ﬁnf ” :?p;ﬁmfiﬁ:fm 3?2:72'.?;“;?3 >01

{any dose) or noreplnephrine <0.1| or norepinephrine >0.1
Ef;m;m%’,’:‘m: 15 1314 1012 63 @
2,‘,“;};.,,., mg/dL(umolll) |<12(110) | 12-13(110-170) 2.0-34 (171-299) ISAapHan | S0k
\Or Urine output, mliday <500 <200 J

Sequential (Sepsis-Related) Organ Failure Assessment Score (SOFA)

Towards sepsis endotypes
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