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Whereas anorexia is a common behavioral response to infectious diseases, 
the reasons for and mechanisms behind this observation are still unknown. 
When it is considered on an evolutionary basis, the organism must have net 
benefits from anorexia.

The first response to infection is the development of acute phase response 
(APR). The APR is triggered by microbial products and characterized by 
production of several cytokines known to induce anorexia. Several microbial 
products and cytokines reduce food intake after parenteral administration, 
suggesting a role of these substances in the anorexia during infection. 
Locally released cytokines may inhibit feeding by activating peripheral 
sensory fibers directly or indirectly, and without a concomitant increase in 
circulating cytokines. However, the final center for appetite or eating is the 
central nervous system (CNS). Thus, these peripheral signals must reach and 
interact with brain regions that control appetite. In addition, a direct action 
of cytokines and microbial products on the CNS is presumably involved in 
the anorexia during infection.
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It is common knowledge that nutrient intake 
decreases during infectious diseases. Of the 
factors that may underlie the reduction in 
nutrient intake in patients with infection, 
anorexia is usually the most prominent. 
Anorexia is a common behavioral response to 
upper respiratory infections, and this response 
has entered the folklore as advice to “feed a cold 
and starve a fever”. In association with fever, 
decreased food and water consumption are the 
most common signs of infection1,2. Whereas it 
is well known that infection decreases appetite, 
the reasons for and mechanisms behind this 
observation are still unknown. It is well 
accepted that protein-energy malnutrition is a 
common cause of immunodeficiency and results 
in an increased susceptibility to infections. 
However, most clinical observations show a 
paradoxically lower prevalence of infection in 
anorexia nervosa patients3,4.

The decreased survival time and increased 
mortality that force-feeding causes in 
experimentally infected laboratory animals 
reflects the short-term beneficial effect of 

anorexia during infection. Murray and Murray5 
showed that gavage feeding increased the 
mortality and shortened survival time in mice 
acutely infected with Listeria monocytogenes. 
In another study6, mice were infected with a 
normally lethal dose of the bacterium Listeria 
monocytogenes. Mice that had previously been 
starved for 72 hours had a 5% mortality rate 
compared to the death of 95% of fed mice, 
24 hours’ post-infection. Thus, these results 
convincingly show that eliminating food intake 
in response to bacterial (and other) infections 
has definite survival benefits for the host.
Despite being beneficial in the beginning, chronic 
anorexia compromises host defense, delays 
recovery, and is ultimately deleterious.

Acute Phase Response
The acute phase response (APR) is a general 
term for a variety of systemic host reactions 
to infectious agents, physical trauma, and later 
stages of neoplastic disease. The anorexia of 
infection is part of the host’s APR, which 
is characterized by alterations in immune, 
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endocrine, metabolic, and neural functions 
(Table I)2,7,8. All of these responses are 
postulated to be of substantial benefit to 
the host. Experimentally, the APR is often 
produced by the infusion of pathogens, such as 
bacteria, viruses or fungi, which are detected 
as foreign by the host.

Table I. Examples of the Multiple Processes of 
the Acute Phase Response2

Metabolic Responses
Fever
Adipsia
Gastroparesis
Plasma trace metal alterations
Lipid metabolism

Immune Responses
Leukocytosis
Hematopoiesis
Altered activity of natural killer cells
Cytokine production and regulation
Synthesis of acute phase proteins

Behavioral Responses
Sleep alterations
Decreased social exploration
Anorexia
Hyperalgesia

Endocrine Responses
Hypothalamic-pituitary-adrenal activation
Hyperinsulinemia
Hypoglycemia

Other Neuronal Responses
Sympathetic activation

The APR is triggered by microbial products 
such as bacterial cell wall compounds (e.g., 
lipopolysaccharides [LPS] and muramyl 
dipeptide [MDP]), microbial nucleic acids 
(e.g., bacterial DNA and viral double-stranded 
RNA), and viral glycoproteins. A number 
of endogenous mediators (tumor necrosis 
factor-α [TNF-α], interleukin-1 (IL-1), IL-6, 
IL-8, interferon-α, and interferon-γ) are 
currently known to induce anorexia as well 
as other components of the APR2,9.

In the 1980s, cachectin, supposed to mediate 
the wasting and hypertriacylglycerolemia, was 
isolated from experimental animals infected 
with Trypanosoma cruzi10. Subsequently, it has 
been found that DNA sequence of cachectin 
was identical to that coding for TNF11 that 
had been previously isolated from the serum of 
animals injected with bacterial endotoxins and 
was able to produce necrosis of transplanted 
tumors in animals12.

Cachectin reduces the activity of lipoprotein 
lipase (LPL) and produces anorexia, weight 
loss, and fever when injected into experimental 
animals11, and provokes very similar metabolic 
and hemodynamic changes to those observed 
during bacterial sepsis that could be blocked 
by the use of specific antisera or monoclonal 
antibodies13,14.

While many aspects of the APR to infection 
have been shown to be of adaptive value in 
host resistance to infection, the suppression of 
food intake during infection has long puzzled 
clinicians. The aim is to inhibit the proliferation 
and spread of the infectious agent.

Although short-term anorexia may be beneficial 
for the host, the results of long-term decrease 
in nutrient intake are wasting syndrome and 
cachexia, which enhances susceptibility to 
infections, exacerbates their harmful effects, 
and influences their outcome.

Why Does Infection Induce Anorexia?

When it is considered on an evolutionary 
basis, the organism must have net benefits 
from anorexia15. Anorexia may represent a 
behavioral adaptation that modulates the 
immune system to help combat bacterial 
infection, a trait that may have emerged during 
prehistoric times when bacterial pathogens 
posed a greater threat16. Anorexia may be 
an adaptive behavioral modifier that shifts T 
helper balance away from the T helper 2 bias 
and compromises the fight against bacterial 
pathogens16.

If anorexia/cachexia were on the whole harmful, 
it would be incredible that over the course of 
several hundred million years, the effects of 
inflammatory cytokines on appetite regulatory 
centers would be retained.

The suppression of hunger eliminates the need 
to find food, thus saving energy and reducing 
the heat loss from the body that would be lost 
by convection. In addition, anorexia reduces 
the availability of food-derived micronutrients 
such as iron and zinc that are essential for 
the growth of pathogenic microorganisms and 
enhancement of immune function by enhancing 
monocyte and macrophage activity2,15,17. There 
is also evidence that anorexia protects the 
host by limiting the potentially detrimental 
metabolic effects of the APR15. Finally, anorexia 
leads to premature death of infected cells. This 
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conclusion was based on historical data from 
prisons and concentration camps, and with 
experimental animal data18.

Apoptosis, or cell suicide, is becoming recognized 
as a useful defense against intracellular parasites, 
and nutrient restriction promotes apoptosis. 
Whether an infectious process is rapid or 
insidious, an appropriate defense is apoptosis 
of infected cells as early as possible. When 
nutritional resources are limited, tissues undergo 
atrophy via apoptosis and/or cell size reduction. 
Cells with limited proliferative capacity such as 
neurons and cardiac myocytes require especially 
strong inputs to undergo apoptosis15. It has 
been shown that functionally impaired cells 
preferentially undergo apoptosis and that this 
tendency is greatly increased during nutritional 
stress19. Another factor for a cell’s decision to 
live or die is whether it has become infected20. 
It is of critical importance for infected cells to 
kill themselves rapidly before they can promote 
the spread of pathogens to other cells21. It 
is not surprising that intracellular pathogens 
(primarily viruses) have been found to make 
anti-apoptotic signals so that cell death is 
delayed until the pathogen is ready15. Cell death 
and subsequent phagocytosis of apoptotic cells 
represents an important regulatory mechanism 
that has been conserved through evolution22.

How Does Infection Induce Anorexia?
Microbial products

Experimental work on the neurobiological 
basis of anorexia during infection has focused 
on the examination of neural, physiologic, 
and behavioral changes in rodent models 
after systemic administration of bacterial 
endotoxins and cytokines as potential mediators 
of the APR. Several microbial products and 
cytokines reduce food intake after parenteral 
administration, suggesting a role of these 
substances in the anorexia during infection.

Lipopolysaccharides (LPS) and MDP both reduce 
food intake after parenteral administration in 
animals. Appetite suppression following LPS 
usually appears four hours’ post-administration, 
with the effect sometimes lasting up to 
24 hours. The anorectic effect of peripherally 
administered LPS and MDP is primarily 
characterized by a reduction in meal number, 
with no significant effect on meal size, and 
does not depend on a concomitant inhibition 

of water intake or gastric emptying23,24. There 
is no obvious tolerance with repetitive injection 
of MDP or with continuous administration of 
LPS and MDP25. Peripherally ineffective LPS 
and MDP dosages reduce food intake after 
intraventricular infusion in rats, showing that 
LPS and MDP can act directly in the central 
nervous system (CNS) to inhibit feeding26,27. 
It is likely that microbial nucleic acids and 
viral glycoproteins also suppress feeding17. 
Viral dsRNA is released from dying, virus-
infected cells and triggers the production and 
release of cytokines17,28. Viral glycoproteins 
are also potent inducers of the APR, which is 
relevant for retro- and DNA viruses that do 
not synthesize dsRNA29.

Cytokines

New knowledge of the effects of cytokines in 
human beings now helps to explain some of 
the symptoms (e.g., fever, anorexia, malaise, 
chills, headache, and muscle aches and pains) 
of infectious diseases. Components of bacteria 
(both LPS and MDP) increase levels of several 
cytokines believed to mediate anorexia, 
including TNF-α, IL-1β24,30 and interferons31. 
Peripherally administered cytokines, which 
inhibit feeding similar to LPS or MDP, usually 
reduce meal number and meal size32,33 and do 
not inhibit water intake34. These discrepancies 
suggest that the interactions between bacterial 
products and cytokines are complex.

Cytokine production in response to microbial 
products is activated through the surface 
protein CD14 and other binding sites including 
toll-like receptors35-37. The released cytokines 
stimulate non-specific and specific immune 
reactions and cause CNS-mediated effects and 
an activation of the hypothalamic-pituitary-
adrenal axis17. They might inhibit feeding 
through neural and humoral pathways activated 
by their peripheral actions.

Several cytokines, including TNF-α, IL-1, IL-2, 
IL-6, IL-8, and interferons inhibit feeding after 
parenteral administration, suggesting a role 
of these substances in the anorexia during 
infection38-40. The first cytokine that was held 
responsible for causing anorexia was TNF. 
Further studies showed that the action of 
TNF can only be understood in the context of 
simultaneous presence of other cytokines9. More 
direct evidence is provided by the observations 



that cachexia in experimental animal models 
can be mitigated by administration of specific 
antagonists of cytokines9. Indeed, a number of 
viruses can subvert the action of TNF-α (and 
other cytokines) through the production of 
soluble TNF receptors or by inhibiting TNF-
induced apoptosis of the infected cell41,42.

Interleukin-1 shares many of the characteristics 
of TNF and can also produce anorexia, hyper
triacylglycerolemia, and stimulate hepatic fatty 
acid synthesis43,44. In addition, IL-1 reduces 
LPL activity and produces lipolysis43,45. IL-1β 
is the best known member of this cytokine 
family that may act in the brain, where it has 
also been shown to mediate LPS-induced fever 
and anorexia46. Also, IL-1β-converting enzyme-
deficient mice resist the anorectic effect of intra 
cerebroventricularly, but not intraperitoneally, 
administered LPS, suggesting that IL-1β is crucial 
for the anorexia in response to central but not 
peripheral LPS administration47. IFN-γ knockout 
mice are also insensitive to the anorectic effect 
of LPS, suggesting that IFN-γ is necessary for 
the suppression of feeding by LPS48.

Whereas chronic peripheral administration 
of IL-1 and TNF-α is normally accompanied 
by tolerance of their anorectic effects49, 
continuous central administration or repetitive 
intraperitoneal injections of IL-1β, given when 
the anorectic effect of the previous injection 
has subsided, does not cause tolerance50,51. 

This effect is interesting because cytokines 
may be released in a cyclic fashion during 
several diseases.

Additionally, IL-6, IL-8, interferons and several 
other cytokines may contribute to reduced food 
intake during infection52-54. Another mediator 
responsible from anorexia is leptin. Microbial 
products and cytokines dose-dependently increase 
leptin expression in adipose tissue, which is closely 
related to reduced food intake55,56. However, the 
action of leptin on appetite suppression and fever 
are dependent on brain IL-1β30. Taken together, 
these data suggest that leptin is not necessary 
for anorexia during infection, but may contribute 
in several ways; further studies are necessary 
to critically examine these interactions17. It has 
also been shown that α-melanocyte-stimulating 
hormone, stimulated by LPS, may enhance the 
anorexia during infection57.

Cytokines modulate gastric motility and 
emptying that can inhibit feeding. Prostaglandins 
(PG), and especially PGE2, play an important 
role as secondary mediators of gastric function 
and feeding behavior. Exposure to IL-1β, TNF, 
or LPS will increase the synthesis and release 
of PGE2 in multiple cell types, and injection 
of PGE2 will reduce food intake and gastric 
motility11. Cytokines may also induce the 
release of hormones that are physiologic satiety 
signals including cholecystokinin, glucagon, 
insulin, and leptin (Fig. 1)58.

Fig. 1. Pathways in the anorexia during infection.
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Site of Action
Microbial products are mainly released and 
cytokines are produced in the periphery during 
most infections. Locally released cytokines may 
inhibit feeding by activating peripheral sensory 
fibers directly or indirectly, and without a 
concomitant increase in circulating cytokines46. 
Sub-diaphragmatic vagal afferents in rats appear 
to be responsive to peripheral IL-1β because 
intravenous administration of IL-1β increased 
multiunit activity in gastric and hepatic branch 
vagal afferent fibers59. Visceral afferent nerves 
are not necessary for the anorectic effects 
of intraperitoneally injected LPS, MDP, and 
IL-1β. This conclusion does not exclude the 
possibility that afferent neural signals play 
some as yet unidentified role in the anorexia 
during infection17.
Although peripheral and brain mechanisms are 
involved in cytokine-induced anorexia, the net 
behavioral response results from signaling to a 
final pathway for appetite or eating control that 
depends on brain mechanisms (i.e., conscious 
and decision-making processes)24,58. Thus, 
these peripheral signals must reach and interact 
with brain regions that control appetite. The 
hypothalamic feeding-associated sites are targets 
for cytokine action. In addition, a direct action 
of cytokines and microbial products on the CNS 
is presumably involved in the anorexia during 
infection. Intracerebroventricular administration 
of cytokines and bacterial products at doses 
that yield pathophysiologically relevant 
concentrations in the cerebrospinal fluid 
reduces food intake26,40. Brain administration 
of a cytokine requires 500- to 1000-fold lower 
doses to induce anorexia compared with the 
doses required when using various peripheral 
routes of administration40,58.
Vagal afferents have been implicated in the anorexia 
during infection because subdiaphragmatic 
vagotomy attenuated intraperitoneally 
administered LPS and IL-1β-induced suppression 
of instrumental responses to obtain food in 
mice60. Subdiaphragmatic vagotomy, however, 
did not block the effects of subcutaneously or 
intravenously administered IL-1β, and systemic 
capsaicin pretreatment failed to block the effects 
of intraperitoneally administered IL-1β and LPS 
on food-motivated behavior33.
The effects of peripherally and centrally 
administered cytokines and bacterial products 
on anorexia are different. Intraperitoneally 

administered bacterial products (LPS and MDP) 
selectively reduce meal frequency23. While 
intraperitoneally injected IL-1β and TNF-α 
affect meal size and meal frequency32,34,49, in
tracerebroventricularly administered cytokines 
primarily reduce meal size27. Tolerance to 
centrally and peripherally administered LPS 
and cytokines is also different25,49-51. IL-1 
receptor antibodies administered intracerebr
oventricularly inhibit the anorectic effect of 
intracerebroventricularly injected LPS, but not 
that of intraperitoneal LPS injection61. Likewise, 
the anorectic effect of intra cerebroventricularly, 
but not intraperitoneally, injected LPS is 
blunted in IL-1β converting enzyme-deficient 
mice47. These findings indicate that IL-1β is 
necessary for the effect of centrally but not 
peripherally administered LPS. Finally, it has 
been shown that the central anorectic effect 
of LPS does not depend on TNF-α mediated 
pathways62,63.
Once released extracellularly from macrophages 
and monocytes, IL-1 and TNF are transported 
into the circulation. However, due to these 
cytokines being large hydrophilic peptides, they 
are regarded as not having the ability to cross 
the blood brain barrier (BBB). Cytokines can 
reach CNS cytokine receptors through active 
or passive transport mechanisms (retrograde 
axonal cytokine transport and peripheral-
to-brain communication via afferent neural-
fiber signaling)57, through circumventricular 
organs (which lack a BBB)64, or they can 
act through receptors on endothelial cells 
of the brain vasculature and stimulate the 
release of subsequent mediators such as 
eicosanoids65 and PG production via the 
enzyme cyclooxygenase 2 (COX-2)66. BBB may 
also regulate the passage of cytokines into the 
CNS because bacterial products and cytokines 
may increase BBB permeability67,68. De novo 
CNS cytokine synthesis may also occur in 
response to peripheral infections, but its role 
in the accompanying anorexia is still open to 
discussion17,58.
There are also several central neurochemicals 
involved in the normal control of feeding, such 
as serotonin, dopamine, histamine, corticotropin 
releasing factor, neuropeptide Y, and a 
melanocyte-stimulating hormone. Reciprocal, 
synergistic, and antagonistic interactions 
between various pleiotropic cytokines, and 
between cytokines and neurochemicals, form 
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a complex network that mediates the anorexia 
during infection17. Cytokines act in a cascade 
pattern, that is, a cytokine can induce the 
production and release of other cytokines, 
including in the CNS, and cytokine– cytokine 
interactions induce anorexia with additive or 
synergistic activities40,58,69.

The PGs activate neurons producing serotonin70, 
a known anorexigenic transmitter71,72, 
which in turn has recently been shown to 
stimulate melanocortin signaling73. Thus, 
the signaling cascade set off by pathogenic 
bacteria ultimately results in activation of the 
central anorexigenic system. Change of CNS 
concentrations of dopamine, serotonin and 
histamine during infections may also contribute 
to the development of anorexia17.

Intracerebroventricularly injected neuropeptide 
Y (NPY), synthesis of which can be reduced 
by intracerebroventricularly infused IL-1β69, 
can prevent or reverse intracerebroventricular 
IL-1β- and IFN-α-induced anorexia74,75.

Treatment

As the anorexia of infection is initially beneficial 
for the host, sick individuals should not 
be forced to eat unless in poor condition. 
Nutritional support is usually recommended in 
patients who do not resume sufficient oral intake 
within 7 to 10 days after disease onset76.

Although attempts to block the anorexia 
during disease by targeting specific cytokines 
have yielded mixed results, cytokine-induced 
anorexia can be blocked with the appropriate 
receptor antagonists, monoclonal antibodies, 
and other cytokine inhibitors supporting 
specificity of cytokine action on feeding77,78. 
The difficulties in determining the right time 
of application and the appropriate dosage of 
a potential cytokine antagonist probably also 
contribute to some of the negative results.

Pentoxifylline, which is a cytokine inhibitor 
(in particular TNF-α),  has been used 
successfully in the treatment of acute and chronic 
infection-induced anorexia31. Substances that 
block common key steps in cytokine synthesis 
or cytokine action, or inhibitors of eicosanoid 
synthesis, are more promising than attempts 
to antagonize specific cytokines. Indomethacin 
(a prostaglandin synthesis inhibitor), ibuprofen 
or paracetamol have been used to abolish the 
anorectic effect of IL-12. It has also been shown 

that COX-2 inhibition during LPS-induced 
inflammation results in preserved food intake 
and maintenance of body weight, whereas 
COX-1 inhibition results in augmented and 
prolonged weight loss79.

Targeting the neurochemical mediation of the 
anorexia during infection may even be more 
efficient. Future studies should research these 
neurochemical mechanisms and the cytokine 
actions at the BBB17.

Conclusion

The mechanisms of the anorexia during 
infection are not yet fully understood, but 
are presumably based on interactions between 
various pleiotropic cytokines as well as between 
cytokines and other humoral mediators of 
the effects of microbial products. Present 
data suggest that the anorexia of infection 
is ultimately due to a modulation of central 
neurochemical mechanisms that control 
normal eating. Peripherally produced cytokines 
modulate these neurochemical mechanisms 
through a direct action on the brain and 
perhaps through pathways activated by their 
peripheral actions. The exact contributions 
of these mechanisms to the anorexia during 
infection need to be established.
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