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Getting older can be exhausting
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Abstract

Sepsis is a disease that affects primarily the aged.
Although mortality is higher in both older septic
patients and aged septic mice, the mechanisms
underlying decreased survival in older hosts are
incompletely understood. New work by Inoue and
colleagues demonstrates persistent inflammation and
T-cell exhaustion in older septic patients and aged
septic mice. The clinical significance of these findings
is manifested not only in increased mortality but also
in a marked difference in secondary infections in older
patients as long as a month following ICU admission.
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Sepsis predominantly afflicts patients at the extremes of
age, both old and young. In the previous issue of Critical
Care, Inoue and colleagues [1] explored the relationship
between aging and sepsis by examining septic ICU pa-
tients and mice subjected to cecal ligation and puncture,
to understand potential reasons why aging is associated
with substantially worse outcomes. In the US, although
older patients account for slightly more than 10% of the
population, greater than 60% of cases of sepsis and
nearly 80% of deaths occur in patients over 65 years of
age [2,3]. The observation that aging is associated with
mortality has been replicated in multiple murine studies
of sepsis [4,5], and it has been suggested that using
young mice as surrogates for older patients is one of
many reasons why positive preclinical trials in sepsis
have failed to translate into therapeutic benefit at the
bedside [6]. At baseline, aging, in isolation, leads to acti-
vation of the innate immune system, a phenomenon
termed ‘inflamm-aging’ [7]. This inflammation is further
upregulated following sepsis in mice [8], although its sig-
nificance in mediating mortality is unclear [9]. Notably,
aging is also associated with marked proteomic differences
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as well as decreased numbers of immunocompetent T
cells in patients with sepsis [10,11].

To expand our current knowledge, Inoue and colleagues
[1] examined septic patients (greater than or less than
65 years of age) and healthy age-matched controls and
performed further mechanistic studies in aged and young
septic mice. The increase in mortality seen in both older
patients and aged (20- to 22-month old) mice correlated
with increases in the inflammatory cytokines IL-6, mono-
cyte chemotactic protein 1, and IL-10, with differences
occurring as soon as 6 hours and persisting for 6 days.
However, increasing evidence also suggests that sepsis
induces a state of immune suppression with impaired im-
mune cell effector function [12] and that this can coexist
with a state of persistent inflammation [13]. Consistent
with this, the authors demonstrated that aging and sepsis
not only induced persistent hyperinflammatory changes
but also resulted in a hypoinflammatory immunosup-
pressive state. Specifically, both older septic patients and
aged septic mice exhibited increased expression of the
co-inhibitory receptors programmed cell death protein 1
(PD-1) and cytotoxic T-lymphocyte antigen 4 on periph-
eral CD4" T cells. Along with this increased co-inhibitory
receptor expression, CD4" T cells had impaired IL-2
production and reduced proliferation. Because upreg-
ulation of the co-inhibitory receptors PD-1 and B- and
T-lymphocyte attenuator has been shown to be associ-
ated with T-cell exhaustion and contribute to sepsis mor-
ality [14,15], the finding that these are differentially
regulated in aging may have a high degree of clinical sig-
nificance. Supporting this contention is the authors’ obser-
vation that older patients exhibited a marked increase in
the incidence of secondary infections. Two weeks after
identification of sepsis, 82% of older patients had a sec-
ondary infection compared with only 21% of patients less
than 65 years of age. A large discrepancy in the incidence
of secondary infections was also noted 1 month after ICU
admission. These remarkable findings provide strong evi-
dence for an ongoing immunosuppressive state in older
septic patients that is not reversed with standard therapy
in the ICU.
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In their study, as with any novel study, a number of
opportunities for future research remain. Recent work
demonstrates the importance of effector memory CD8 T
cells in sepsis [16], and because frequencies of effector
memory CD8" T cells increase with age, examining these
cells in aging and sepsis would be of great interest. Add-
itionally, work in models of chronic viral infections has
revealed that T cells have the potential to express mul-
tiple co-inhibitory receptors that can have synergistic
inhibitory effects [17]. Thus, assessing the constellation
of co-inhibitory molecules expressed by aged T cells
during sepsis may provide new clues to help explain the
immunosuppressed state of older patients with sepsis.
Finally, it should be noted that the number of patients
examined in this single-center trial is relatively small and
therefore the results should be viewed as preliminary,
requiring validation across different centers. For now, this
important bedside and bench study yields novel insights
into how inflammation and immunosuppression are both
augmented in aging and sepsis and yields potential path-
ways that might be exploited for therapeutic gain in older
patients with sepsis.

Abbreviations
IL: Interleukin; PD-1: Programmed cell death protein 1.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors read and approved the final manuscript.

Acknowledgments
This work was supported by funding from the National Institutes of Health
(GM104323, GM095442, and GM072808).

Published online: 29 July 2014

References

1. Inoue S, Suzuki K, Komori Y, Morishita Y, Suzuki-Usunomiya K, Hozumi K,
Inokuchi S, Sato T: Persistent inflammation and T cell exhaustion in
severe sepsis in the elderly. Crit Care 2014, 18:R130.

2. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR:
Epidemiology of severe sepsis in the United States: analysis of
incidence, outcome, and associated costs of care. Crit Care Med 2001,
29:1303-1310.

3. Martin GS, Mannino DM, Moss M: The effect of age on the development
and outcome of adult sepsis. Crit Care Med 2006, 34:15-21.

4. Tumbull IR, Wizorek JJ, Osborne D, Hotchkiss RS, Coopersmith CM, Buchman
TG: Effects of age on mortality and antibiotic efficacy in cecal ligation
and puncture. Shock 2003, 19:310-313.

5. Saito H, Sherwood ER, Varma TK, Evers BM: Effects of aging on mortality,
hypothermia, and cytokine induction in mice with endotoxemia or
sepsis. Mech Ageing Dev 2003, 124:1047-1058.

6. Fink MP: Animal models of sepsis. Virulence 2014, 5:143-153.

7. Lowery EM, Brubaker AL, Kuhimann E, Kovacs EJ: The aging lung.

Clin Interv Aging 2013, 8:1489-1496.

8. Turnbull IR, Clark AT, Stromberg PE, Dixon DJ, Woolsey CA, Davis CG,
Hotchkiss RS, Buchman TG, Coopersmith CM: Effects of aging on the
immunopathologic response to sepsis. Crit Care Med 2009,
37:1018-1023.

9. Drechsler S, Weixelbaumer K, Raeven P, Jafarmadar M, Khadem A, van
Griensven M, Bahrami S, Osuchowski MF: Relationship between age/

Page 2 of 2

gender-induced survival changes and the magnitude of inflammatory
activation and organ dysfunction in post-traumatic sepsis. PLoS One
2012, 7:e51457.

10. Cao Z, Yende S, Kellum JA, Angus DC, Robinson RA: Proteomics reveals
age-related differences in the host immune response to sepsis.
J Proteome Res 2014, 13:422-432.

11. Inoue S, Suzuki-Utsunomiya K, Okada Y, Taira T, lida Y, Miura N, Tsuji T,
Yamagiwa T, Morita S, Chiba T, Sato T, Inokuchi S: Reduction of
immunocompetent T cells followed by prolonged lymphopenia in
severe sepsis in the elderly. Crit Care Med 2013, 41:810-819.

12. Boomer JS, To K, Chang KC, Takasu O, Osborne DF, Walton AH, Bricker TL,
Jarman SD, Kreisel D, Krupnick AS, Srivastava A, Swanson PE, Green JM,
Hotchkiss RS: Immunosuppression in patients who die of sepsis and
multiple organ failure. JAMA 2011, 306:2594-2605.

13.  Gentile LF, Cuenca AG, Efron PA, Ang D, Bihorac A, McKinley BA, Moldawer
LL, Moore FA: Persistent inflammation and immunosuppression: a
common syndrome and new horizon for surgical intensive care.

J Trauma Acute Care Surg 2012, 72:1491-1501.

14. Shubin NJ, Chung CS, Heffernan DS, Irwin LR, Monaghan SF, Ayala A: BTLA
expression contributes to septic morbidity and mortality by inducing
innate inflammatory cell dysfunction. J Leukoc Biol 2012, 92:593-603.

15. Chang K, Svabek C, Vazquez-Guillamet C, Sato B, Rasche D, Wilson S,
Robbins P, Ulbrandt N, Suzich J, Green J, Patera AC, Blair W, Krishnan S,
Hotchkiss R: Targeting the programmed cell death 1: programmed cell
death ligand 1 pathway reverses T cell exhaustion in patients with
sepsis. Crit Care 2014, 18:R3.

16. Duong S, Condotta SA, Rai D, Martin MD, Griffith TS, Badovinac VP:
Polymicrobial sepsis alters antigen-dependent and -independent
memory CD8 T cell functions. J Immunol 2014, 192:3618-3625.

17. Wherry EJ: T cell exhaustion. Nat Immunol 2011, 12:492-499.

doi:10.1186/513054-014-0465-5
Cite this article as: Mittal et al.: Getting older can be exhausting. Critical
Care 2014 18:465.




	Abstract
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	References

