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Abstract

Influenza (flu) is a serious disease for older adults, with increased severity of infection and greater 

risk for hospitalization and death. Flu infection is limited to pulmonary epithelial cells, yet there 

are many systemic symptoms and older adults are more susceptible to flu-related complications. In 

older adults, flu rarely comes without additional complications and there is a perfect storm for 

enhanced disease due to multiple factors including existing co-morbidities, plus impaired lung 

function and dysregulated immune responses that occur with even healthy aging. Commonly, 

opportunistic secondary bacterial infections prosper in damaged lungs. Intensified systemic 

inflammation with aging can cause dysfunction in extra-pulmonary organs and tissues such as 

cardiovascular, musculoskeletal, neuropathologic, hepatic, and renal complications. Often 

overlooked is the underappreciated connections between many of these conditions, which 

exacerbate one another when in parallel. This review focuses on flu infection and the numerous 

complications in older adults associated with diminished immune responses.
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1.0 Introduction

Influenza viruses belong to the Orthomyxoviridae family and are enveloped, negative-sense, 

single-stranded RNA viruses with segmented genomes [1]. Influenza A is most often 

associated with human illness with H1N1 subtypes more often resulting in milder illness 

when compared to H3N2 subtypes, which are responsible for 80% of flu-related deaths [2]. 

Rapid mutations leave us with an ineradicable disease that has frequent epidemics. Although 
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most influenza virus infections result in an acute, self-limiting illness, severe and fatal 

infections are associated with hemorrhagic bronchitis, bronchiolitis, and alveolitis with 

pulmonary edema and hemorrhage [3]. There are also several comorbidities that increase 

vulnerability to influenza infection, including underlying chronic respiratory and 

cardiovascular conditions, diabetes mellitus and immunosuppression [4, 5]. 

Immunocompromised individuals also have increased risk of enhanced disease after flu 

infection with prolonged viral shedding that can last for months [6]. There are severe age-

related immune declines that lead to increased susceptibility and severity of flu infection in 

older adults. Additionally, older individuals often experience fewer clinical signs and 

symptoms of classical influenza infection, while also experiencing more severe 

complications of the disease [4–6].

It is well established that immune function declines with aging. Age-related declines of both 

the innate and adaptive immune systems result in increased susceptibility to infection, as 

well as increased severity of infection in older adults [7, 8]. Influenza (flu) is problematic in 

older adults with increased risk for serious complications and hospitalization. In addition, 

approximately 90% of flu-related deaths occur in this population [9], with influenza and 

pneumonia being the eighth leading cause of death among persons over 65 years of age in 

the United States [10]. Even when death is avoided, older adults have an increased risk for 

secondary complications and morbidities from flu infection. The average annual infection 

rate of seasonal flu is 10–20 percent of the world population with 3–5 million 

hospitalizations and estimated United States economic burden of $87.1 billion USD [11, 12].

Flu infections in older adults often cause hospitalization due to prolonged illness and 

secondary infections, such as bacterial pneumonia. Hospitalizations attributable to flu vary 

depending on the flu season length and circulating strains [2]. Multiple models demonstrate 

a common trend for increased flu-related mortality over the past 30 years [13, 14], 

seemingly parallel to the increased older adult population and the growing aged population 

is at greatest risk. The mortality rate for adults over 85 is 16x greater than individuals 65–69 

years of age [2]. Additionally, the average length of a hospital stay for flu-related 

complications is 2 days longer in patients over 75 compared to adults 50–64 years of age [2].

In addition to common flu symptoms, flu infection leaves older adults more susceptible to 

secondary infection and causes dysfunction in many other tissues. These complications are 

often both caused by and lead to other co-morbidities, which increases mortalities. For 

example, secondary bacterial infection following flu is responsible for five million cases of 

severe illness, which results in 250,000–500,000 deaths worldwide. Recently, these have 

been categorized together by the CDC as influenza/pneumonia deaths [14, 15]. Due to both 

immunosenescence and overall senescence that occurs with aging, the body is more prone to 

complications resulting from delayed and weakened responses to maintain homeostatic 

function. Extrapulmonary and other complications in older adults can include cardiovascular 

dysfunction, musculoskeletal atrophy, neurological degeneration, and worsening of 

preexisting diseases. Importantly, many of these effects may be delayed so the association 

with flu infection may be initially masked.
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Age-related declines in immune responses have been well-documented in both murine and 

human systems. Here, we will briefly review age-related immune changes and how they 

relate to the impaired response to flu infection, focusing more on the clinical significance of 

common and uncommon flu-associated complications in older adults. Identifying 

mechanisms of common and uncommon flu-associated complications in older adults can 

provide initial insight for future therapeutic investigations to enhance age-related immune 

declines and determine effective ways to prevent flu-related morbidity and mortalities.

1.1 Age-Related Immune Deficits

The overall aging process leads to a decreased ability to respond to stressors and maintain 

homeostasis. Commonly, murine models of aging are utilized to investigate age-related 

changes in the immune system and the C57BL/6 mouse is considered to be one of the most 

studied animal models. Indeed, this mouse shares many important processes with the human 

immune system and in aging biology (Figure 1 [16–1]). Briefly, during the biological 

process of aging many immune system components are impacted. Age-related DNA damage 

in the bone marrow is associated with increased release of immature cells into the blood and 

a bias for differentiation toward myeloid lineage cells over lymphoid lineage cells from 

hematopoietic stem cells [22, 39, 16, 40, 41]. The innate immune system (specifically 

neutrophils, macrophages, and dendritic cells [DCs]) exhibits decreased migration and 

chemotaxis [29, 31, 37, 42], as well as decreased phagocytosis [33, 36, 39, 42, 46] and 

changes in population frequencies [28, 39, 40, 59] in both aging humans and mice. 

Similarly, the adaptive immune system exhibits decreased function with aging. In both mice 

and humans, thymic involution and dysfunction lead to decreased naïve T cell output with 

aging [58, 60]. In addition, T cell function and memory T cell generation are negatively 

impacted by aging [18, 19, 27, 30, 64, 65, 69] and antibody quality is also reduced [77, 78]. 

In summary, the aged immune systems of both humans and mice exhibit delayed and 

reduced responsiveness with regards to both innate and adaptive aspects resulting in an 

overall poor response to an infectious challenge.

1.2 Impact of Aging on Immune Responses to Influenza Infection

Along with immunosenescence, or the deleterious age-associated changes in immunity 

described above [81], “inflammaging” leads to cytokine imbalance, tipping towards constant 

inflammation both within tissues and systemically. Indeed, immunosenescence and 

inflammaging play a large role in exacerbating flu infection in older adults. 

Immunosenescence is associated with decreased phagocyte function, altered cellular 

migration, changes in cell population numbers, and reduced antibody production [45]. 

Further, we would expect the same trends during flu infection, which would impair adaptive 

immunity and hinder the immune responsiveness to infection.

Innate immune cells, specifically DCs, produce less interferon I/III in older adults, while 

showing decreasing phagocytic capacity [82]. Further, phagocytes and DCs have altered 

receptor signal transduction and systemic over population of neutrophils (neutrophilia) in 

older adults can promote increased serum levels of IL-6 and c-reactive protein that increases 

death risk [82]. Larger issues arise during a secondary infection (bacterial or viral) since the 

increased inflammatory/infection damage leaves the system both frail and exhausted [82]. 
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DCs play a large role in generating innate and adaptive immune responses, but aged mouse 

studies have observed that the number of DCs recovered from spleens of aged mice is 50–

70% of that found in young mice during flu infection [83]. Further studies indicated that 

during flu infection, DCs in aged mice had significant differences in maturation, migration, 

and recruitment [83–86], as well as low expression of the co-stimulatory molecules CD40 

and CD86 [87].

Age-related declines in immune function contribute significantly and lead to multiple 

manifestations with regards to the CD4 T cell response to flu antigens [88]. Importantly, the 

proper functioning of CD4 T cells is essential for a robust CD8 T cell response to flu 

infection. Changes in T cell responses during flu infection with aging include impaired T 

cell receptor signaling via reduced immunological synapse formation [88–90] and deficits in 

CD4 T cell activation, differentiation, and proliferation [19]. With aging there is also an 

increase in FoxP3+ regulatory CD4 T cells (Tregs), which produce anti-inflammatory 

molecules, resulting in reduced expression of co-stimulatory molecules CD40 and CD86 

[87].

CD8 T cells are indispensable for clearance of flu infected cells. Influenza virus-specific 

CD8 T cells from older adults exhibit decreased functionality with corresponding increases 

in CD57 and KLRG1 expression, indicating a senescent phenotype [91]. These same CD8 T 

cells also have reduced expression of inhibitory receptors such as PD-1, resulting in higher 

frequencies of flu-specific CD8 T cells that exhibit reduced lytic capacity and decreased 

migration and chemotaxis ability during flu infection. The overall result of these age-related 

changes is slower viral clearance [83, 92]. Increasing age also has a significant impact on the 

memory CD8 T cell response to flu infection due to the loss of protective effector memory 

cells from peripheral tissues over time [93, 94, 95].

Similarly, aging impacts B cell and antibody responses to flu infection. Declines in B cell 

precursors in old age are associated with preferential loss of lymphoid-biased hematopoietic 

stem cells [58]. With aging, there is decreased germinal center formation during flu infection 

and B cells produce lower quality antibody [77,78] in both humans and mice [77]. In 

addition, the increase in senescent B cells with aging is negatively associated with a 

protective response following flu vaccination. Importantly, many of these age-related 

declines in humoral responses following influenza infection and vaccination are partially due 

to declines in CD4 T cell function with aging [20, 71].

Related to these immune cell specific alterations, lymph node stromal cells and particularly 

fibroblastic reticular cells, are impacted by aging. Lymph node fibroblastic reticular cells are 

not significantly different between young and aged mice at steady state but have delayed 

proliferation and expansion in aged mediastinal lymph nodes during flu infection [96]. 

Further, in aged lymph nodes, mouse fibroblastic reticular cells exhibit notably reduced 

homeostatic chemokine production, which is associated with reduced T cell homing to these 

lymph nodes during flu infection. Ultimately, this is associated with delayed and impaired 

immune responses in aged mice [96].
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Another factor to be considered regarding the immune response to flu infection is the gut 

microbiota, which is also important in regulating immune responses both locally and 

systemically [97]. Pulmonary immunity is directly related to gut microbiota, which mediates 

flu infection-related responses, including dendritic cell migration, T cell priming, cytokine 

secretion, and overall viral clearance [98]. Dysbiosis of the gut microbiota induced by 

antibiotic administration during flu infection influences helper T cell responses and can 

negatively impact flu outcomes and recovery [99]. This is of particular interest with aging, 

as older adults are more likely to have concurrent infections and may be on antibiotics at the 

time of flu infection itself or due to a secondary infection. Adequate probiotic intervention 

after antibiotic treatment may improve the intestinal ecosystem and prevent Th2-shifted 

immunity [100]. Indeed, without probiotic treatment there is further dysregulation of 

cytokines and cell mediated regeneration related to flu infection [100].

2.0 Common complications in older adults

Influenza infection of the upper respiratory tract leads to complications in other tissues and 

organs (see Figure 2). These complications are made worse by the diminished immune 

response in older adults. In this section, we will describe the common complications seen in 

older adults with influenza (flu) infection.

2.1 Secondary bacterial infections

The most frequent concurrent bacterial infections with flu are pneumopathogens: 

Staphylococcus aureus, Streptococcus pneumoniae, Streptococcus pyogenes, Haemophilus 
influenzae, and occasionally other gram-negative bacilli [101, 102]. Opportunistic bacterial 

infections, which are common in older adults, occur during and post influenza through many 

mechanisms. For example, necrosis of airway epithelial cells can result in loss of 

mucociliary clearance, which then leads to increased colonization of the upper respiratory 

tract due to loss of physical barriers [103]. In fact, exposure of bacterial attachment sites can 

result from damaged surfaces of airways with associated fibrin deposition, tissue repair, 

regenerative process, and sialidase activity of the viral neuraminidase [104, 105]. Similar to 

humans, mice infected with flu have suppressed Th17 responses and macrophage function 

leading to inhibited NADPH-oxidase-dependent phagocytic bacterial clearance [106,107].

Secondary bacterial infection can cause physical damage resulting in blockage or small 

airway functional loss from cellular debris. Additionally, proteinaceous edema fluid and 

development of exudative transmural pleuritis can severely compromise the respiratory 

system [108, 109]. In older adults, there is a loss of respiratory epithelial progenitor basal 

cells resulting in epithelial cell damage, bacterial invasion and decreased lung repair [80]. 

During enhanced disease states the generation of a robust inflammatory response can lead to 

subsequent increase in anti-inflammatory responses, which restricts adaptive immune 

responses [110, 111]. Human studies examining the effects of the immunosuppressive 

cytokine interleukin (IL)-10 demonstrate that the ratio of interferon gamma to IL-10 

(IFNγ:IL-10) produced by ex vivo stimulation with flu virus and IL-7 of peripheral blood T 

cells is reduced in old age due to increases in IL-10 production [112] and this significantly 

correlates with patients suffering from laboratory diagnosed flu infection [113]. These 
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studies also associated high IL-10 in the blood with increased longevity, but also greater 

susceptibility to flu infection in older adults. Thus, IL-10 seems to be important in longevity 

to control overall age-related inflammation, but it can also have a negative impact on the 

adaptive immune response to infection, leaving older individuals more susceptible to severe 

infection.

Conversely, lack of control of proinflammatory cytokines can also aggravate disease in older 

adults and has been described in cases of flu and Streptococcus pneumoniae [114]. In some 

cases, there has been strong evidence of excessive neutrophil infiltration and early mortality 

[114]. In aged mice, susceptibility to S. pneumoniae infection was correlated with increased 

systemic proinflammatory cytokines, including TNF-alpha, prior to S. pneumoniae infection 

[114]. Indeed, we and others have shown that old mice have a prolonged and elevated 

inflammatory response following flu infection [24, 96, 115, 116, 117].

In summary, bacterial infection following flu leads to weakened lung efficiency, blood 

oxygenation, and multiple organ system disfunction. In fact, hospitalizations and mortality 

resulting from flu infections are most commonly due to these complications, rather than the 

flu infection itself.

2.2 Acute Respiratory Distress Syndrome

In addition to secondary bacterial infections, acute respiratory distress syndrome (ARDS) is 

another common complication of flu infection, especially in the context of human aging 

[118, 119, 120]. ARDS is severe respiratory failure characterized by diffuse inflammation of 

alveolar and vascular lung structures which produces progressive hypoxemia [121]. ARDS is 

associated with the rapid onset of cyanosis, delirium, incontinence, and lungs filled with 

frothy blood-tinged sputum, all of which can be attributed to primary viral flu pneumonia 

[122, 123]. The rapid progression from viral pneumonia to ARDS in previously healthy 

adults suggests that the body’s reaction to infection leads to advanced disease states rather 

than flu-associated damage [124]. When combined with flu infection, ARDS can be 

devastating and can often result in death. In an ARDS study independent of flu, patients had 

a 67% survival rate at 5 years post hospital discharge and suffered decreased physical quality 

of life, increased costs and use of health care services, and irrecoverable severe lung injury 

[125, 126]. The H1N1 pandemic of 2009 caused severe hypoxemic respiratory failure 

defined as ARDS, independent of bacterial infection, but still with multi-organ involvement 

[127, 128]. Heart failure independent of myocarditis can also occur during flu infection and 

has higher prevalence in ARDS patients when compared to the general population [129]. In 

theory, older adults would not have the stem cell potential to repair the hypoxemic damage 

from this advanced disease nor the efficiency to clear damage quickly. Indeed, ARDS 

following flu leads to weakened lung efficiency, blood oxygenation, and disrupts multiple 

organ systems.

3.0 Extrapulmonary and Other Uncommon Complications in Older Adults

In this section, we will examine the extrapulmonary and uncommon complications of flu 

infection in older adults (see Figure 2). These complications are often overlooked due to the 

distal nature from the primary site of infection and often times delayed onset.
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3.1 Cardiac Complications

Cardiovascular complications during influenza infection are common in older adults. 

Myocarditis, defined as inflammation of the heart muscle affecting its ability to pump blood, 

is diagnosed with documented flu infection in 0.4–13% of cases, varying on the flu season 

[130, 131]. Cellular infiltration and myocyte necrosis have been found in 30–50% of flu and 

flu-related deaths at autopsy, despite no previous cardiac complications or involvement [132, 

133, 134]. Further, myocarditis was not dependent on secondary pneumonia or other 

infections and was evident in cases of flu infection alone [135]. Age-related concerns arose 

when 69% of fatal cases, with both bacterial pneumonia and cardiac complications present 

post-flu, were in those over 18 years of age [132]. During the influenza A H1N1 pandemic 

of 2009, 70% (31/44) of studied patients with myocarditis were flu-related and, interestingly, 

only 32% were in people over 40 years of age [130, 131, 132, 133, 134, 135].

Ischemic heart disease (IHD), defined as the narrowing of the heart arteries, is also 

associated with flu infection and believed to stem from inflammation that plays a critical 

role in acute coronary syndrome [136]. This stems from systemic pro-inflammatory 

responses triggered by flu infection that are coupled with pro-coagulant effects [137]. No 

human study or autopsy results currently suggest the theory of direct virus invasion of the 

vascular bed. In rare cases, viremia in pandemic influenza strains has occurred [138, 139], 

but not typically in most patients [140]. In a mouse model of atherosclerosis, mice over 24 

months of age with this condition and flu infection develop more prominent inflammatory 

and thrombotic effects on atherosclerotic plaques, with subendothelial and smooth muscle 

immune infiltration [141]. This suggests that older adults with atherosclerosis are at greater 

risk for increased severity of flu infection and potential cardiac complications.

Similar to ischemic heart disease are ischemic cerebral vascular accidents (CVAs), which 

also significantly increase in incidence after respiratory tract infection [142]. A study of 

adults (>18 years) found transient increases in adverse vascular events following an acute flu 

infection, wherein the median age at myocardial infarction was 72.3 years of age and the 

median age at first stroke following acute flu infection was 78.3 years of age [142]. Thus, 

suggesting an age-related at-risk population even though the direct link between flu infection 

and stroke events is unclear. A common theory is that increased damage and clotting factors 

in the blood during infection leads to greater risks of clotting in the arteries and the brain. 

Notably, reduced levels of these clotting factors and reduced stroke incidence are present in 

vaccinated patients with most significant vaccine effects in men >65 years [143]. Similarly, 

in patients treated with oseltamivir, a common flu anti-viral, there is a 34% stroke risk 

reduction after 6 months in patients <65 years [144]. Interestingly, those who get an annual 

flu vaccine have a lesser likelihood of cardiac complications [145–147] and the largest 

treatment effect was seen among the highest risk patients (>65 years), with more active 

coronary disease. Indeed, vaccinated older adults were at a 2.9% risk for composite 

cardiovascular events versus 4.7% in those who were unvaccinated in a recent meta-analysis 

[145].
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3.2 Musculoskeletal

Primary flu infection is limited to pulmonary epithelial cells, yet myalgias are a common 

symptom and older adults have increased risk for physical disability following flu infection. 

Skeletal muscle wasting in patients with lung diseases, including COPD, acute respiratory 

distress syndrome, and cystic fibrosis, contributes to worse outcomes and is associated with 

increased morbidity following flu infection [148]. Diaphragm dysfunction has also been 

reported in patients during flu infection and other related lung complications [149–151]. 

Importantly, skeletal muscle dysfunction plays a role in the pathophysiology of ARDS and is 

associated with prolonged mechanical ventilation, weaning failure (atrophy), and markedly 

elevated risk of returning to ICU post discharge. The median age of patients with ARDS 

who survived to be discharged from the ICU was 45 years (n=117) and the median age of 

those who died in ICU was 50 years (n = 78) [125]. This results in a vicious cycle of 

increased hospitalization and impaired quality of life associated with greater morbidity and 

mortality [126, 152]. These studies found age was significantly associated with physical 

performance post ARDS hospital discharge, in those >52 years [126]. In fact, critically ill 

patients with ARDS from flu exhibit weakness, fatigue, reduced exercise capacity, and lose 

muscle mass even after ICU discharge and after lung recovery [125].

Interestingly, skeletal muscle more distal to the site of infection also is affected by flu 

infection. Despite the fact that cases of viremia are rare and direct skeletal muscle infection 

does not occur in influenza [153–155], the clinical association of flu infection and disability 

with aging has been repeatedly shown especially in those >65 years of age [156–158]. 

Indeed, following flu infection older adults (>65 years) are at increased risk to lose activities 

of daily living and develop disabilities [158, 159]. Our laboratory was the first to 

demonstrate a molecular link for this interaction by characterizing the impact of flu infection 

on muscle health in mice. Overall, flu leads to mobility impairments with induction of 

inflammatory and muscle degradation genes and downregulation of positive regulators of 

muscle growth. These effects are prolonged with aging (mice >21 months), suggesting a 

direct link between flu infection and increased risk of disability in older adults [115]. Others 

demonstrated in adult (12–16 week) mice that muscle wasting during/post flu infections is 

through IL-6 regulation of the E3 ubiquitin ligase atrogin-1 pathway [160], further 

supporting increased risk with aging as IL-6 is already implicated in aging.

In more serious situations, though much less common, extreme muscle wasting during flu 

infection has resulted in rhabdomyolysis, where extreme muscle breakdown causes leaking 

of muscle components into the blood stream that can lead to renal failure [155, 161–173]. 

Myositis and rhabdomyolysis have been reported during influenza A & B infection [168]. 

Additionally, a higher incidence of myositis has been observed in older adults (observed 

cases in 70–86 year old patients) [169]. About 50% of adult patients hospitalized with 

influenza A had elevated serum creatine phosphokinase (CK), an indicator of muscle 

damage that can potentially lead to renal failure [174]. Between a quarter and half of people 

older than 85 years are estimated to be frail [175]. Frailty has also been associated with both 

an impaired antibody response to influenza and increased sarcopenia following flu infection 

[175]. Loss of muscle integrity and function is clinically important, since flu infection has 

been associated with a greater incidence of falls in men and women over 70 years of age 
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[176, 177]. A clinical study of 650 adults with confirmed flu cases and a mean age of 63 

reported that two thirds of the subjects were at risk for flu-related morbidity and self-

reported disability related to muscle pain/fatigue around 20.4% [178]. Thus, despite not 

commonly considered a complication of flu infection, skeletal muscle wasting during flu 

infection is more prevalent with aging [177] and leads to long term disability and loss of 

resilience.

3.3 Central and Peripheral Nervous System Complications

There is a link between influenza and CNS manifestations. Neurologic complications from 

the flu include Reye’s syndrome, encephalopathy, encephalomyelitis, transverse myelitis, 

aseptic meningitis, focal neurologic disorders, and Guillain-Barre syndrome [179]. While 

these complications are rare, they occur more frequently in children and older adults [179, 

180]. Additionally, it seems that immunogenetics play a role in neurological associated 

influenza complications.

Influenza-associated encephalitis (IAE)/encephalopathy can be extremely severe and can 

affect all age groups, but the majority of patients were under 5 years of age and have 30% 

fatality rate [181, 182]. In a 21-person study of acute encephalopathy associated with flu 

infection, the ages spanned from 4–78 years with 5 patients >60 years, 8 patients 40–59 

years, 2 patients 18–25 years, 6 patients <12 years [183]. Impaired consciousness with IAE 

can put patients in a dreamlike state and leave them confused or faint. Acute necrotizing 

encephalopathy (ANE) has severe and sudden onset and is characterized by multiple brain 

lesions, frequently involving the thalami. In Japan there are about 10 cases of ANE per year, 

28% are fatal and age-associated prevalence occurs in children under 5 years of age [181]. 

Other forms of encephalitis associated with influenza include, acute encephalopathy with 

biphasic seizures (AESD), febrile seizures, and subcortical white matter lesions. Flu can 

trigger genetic predispositions for AESD in children <2 years old and has a low fatality rate, 

but high probability of recurring neurological issues including intellectual, motor deficits 

and epilepsy [181]. In less severe cases there is only mild encephalitis/encephalopathy with 

a reversible lesion (MERS) of the splenium of the corpus callosum, which is often 

associated with good clinical outcome. MERS usually resolves in about 10 days and is most 

common type of encephalopathy among children aged 3–8 years [181]. Similar to MERS 

there is Posterior Reversible Encephalopathy Syndrome (PRES), where areas of edema via 

MRI are detected days to weeks after initial viral symptoms. In adult patient cases of PRES, 

the brain edema is often malignant, with elevated cytokines IL-8 and IL-10, but no 

detectable virus in the cerebral spinal fluid [184]. More severe conditions also arise from 

flu-associated CNS disease such as acute hemorrhagic leukoencephalopathy (AHLE), which 

affects adults and children. Gonzalez et al observes a 46-year old mother and her 11-year old 

daughter both with AHLE [182]. AHLE is characterized by rapid and fulminant 

demyelination and inflammation of the white matter with possible links to flu-associated 

multiple sclerosis flair ups [181, 182].

Flu-associated and multifaceted disease complications (observed in patients 4–78 years) do 

not occur in singlet, in fact, patients with IAE more frequently experience concurrent hepatic 

and renal function dysfunction, which could suggest a component of metabolic 
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encephalopathy coexisting severe influenza illness rather than as a direct effect of virus itself 

[183]. Dysregulated immune responses have also been posited to drive neurologic 

complications in influenza. Serum levels of IL-6, TNF-alpha, and IL-10 were found to be 

significantly elevated in pediatric patients with IAE as compared to influenza-infected 

patients without neurologic involvement [185, 186]. Interestingly, elevated Il-6, TNF-alpha, 

and IL-10 has also been observed in the serum of older adults [187], suggesting that may 

also be at higher risk for these CNS events. It is possible that CNS dysfunction in older 

adults may be over looked due to pre-existing cognitive impairment, such as Alzheimer’s 

Disease or dementia, or may not associated with the flu infection itself due to confounding 

aging factors [187].

A correlative study on H3N2 flu virus-associated encephalopathy examined cytokine levels 

and NF-kB activation in peripheral blood mononuclear cells from 30 children with influenza 

virus-associated encephalopathy at the acute stage of flu infection [185]. This study linked 

serum levels of IL-6, soluble tumor necrosis factor receptor-1 (sTNFR1), and IL-10 levels 

with flu virus-associated encephalopathy. Higher NF-kB activation in peripheral blood 

mononuclear cells (PBMCs) in flu-associated encephalopathic patients’ groups was higher 

than patients with uncomplicated H3N2 influenza infection [185]. In young mice, A/Puerto 

Rico/8/1934 H1N1 flu virus induced neuroinflammatory responses paralleled loss of 

neurotrophic and glial regulatory factors in the hippocampus, and deficits in cognitive 

function. This suggests that flu-induced neuropathy that is observed clinically is likely due 

to neuroinflammation and can lead to cognitive declines [188]. Indeed, neuropathology with 

influenza is a real threat and it affects both mind and body resulting in observed loss of 

motor skills, reflexes, cognition, and more. Older adults are at greater risk for these 

complications due to many factors including elevated basal inflammation, pre-existing 

cognitive conditions, and other co-morbidities.

3.4 Gastrointestinal and gut microbiota complications

Flu infection can also be accompanied by gastrointestinal symptoms and other 

complications. Murine studies have supported these clinical associations as well. Flu 

infection itself induces gut microbiota dysbiosis through type I interferons (IFN-I) favoring 

proteobacteria overgrowth [189]. Such shifts can also impact T cell trafficking, 

differentiation, and even inflammatory responses. In this instance there is a greater chance of 

secondary salmonella infection localized to the gut during or post flu infection [189].

Common gastroenteritis-like symptoms in many flu infected patients include abdominal 

pain, nausea vomiting, and diarrhea [190–192]. In 6–10 week old male mice, lymphocytes 

derived from the respiratory mucosa migrated into the intestinal mucosa during flu lung 

infection via CCL25-CCR9 chemokine signaling, which destroyed the intestinal microbiota 

homeostasis in the small intestine and led to intestinal injury [193]. Respiratory influenza 

virus infection can also induce intestinal immune injury via microbiota-mediated Th17 cell-

dependent inflammation [193]. Age-related changes, whether direct or indirect due to 

antibiotic treatment, may impair flu responses in older adults. In 8–16 week old CBA/J 

female mouse models, respiratory influenza virus infection induces intestinal immune injury 

via microbiota-mediated Th17 cell-dependent inflammation [117, 194].
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Flu RNA has been found in stools of patients with confirmed flu infection and this ranged 

from 3 to 71% in studies with children and 7.2% to 47% in studies on adults [192,195–202]. 

Altogether, the prevalence of flu virus in stool was 20.9% for patients in the above-

mentioned studies [203]. Gastrointestinal symptoms, most commonly vomiting, were 

reported in 30.9% of the pandemic 2009 H1N1 flu infections, 2.8% prevalent in seasonal 

H1N1 infection, 25.3% of influenza B virus infections and 21.9% for influenza A(H3N2) 

[203–205]. In theory, the already weakened immune system of older adults would be less 

prepared for these types of infections.

3.5 Hepatic Complications

Liver injury, from secondary systemic inflammation, mediated by viral infection is also an 

uncommon complication during flu infection, however this is observed in some older 

patients [120, 206]. Papic et al. examined pandemic 2009 flu patients (mean age of 46.79) 

compared to seasonal flu patients (mean age of 47.06) and determined both illicit significant 

immune responses to infection leading to hepatocellular injury [206]. Additionally, Polakos 

et al. infected humans aged 18–45 years with 107 TCID50 influenza A/Kawasaki/86 (H1N1) 

virus to observe the flu-induced changes to the human liver [207]. Indeed, severe cases of flu 

have reported liver damage evident through elevated blood transaminases [alanine 

transaminase (AST) and aspartate transaminase (ALT)], bilirubin, and Gamma-glutamyl 

transferase (GGT) [206, 207]. Additionally, these elevations were associated with duration 

of hospitalization, hypoxia, and serum C-reactive protein (CRP) levels [206, 207]. Others 

have even noted centrizonal hepatic hemorrhagic necrosis in deceased pandemic flu patients 

ages 24–65 years upon autopsy [208, 209], while Avian A(H5N1) and A(H7N9) were 

specifically connected with transaminase elevations [209, 210]. Beyond these threats, the 

liver is also susceptible to clots, hemorrhage, and less severely metabolic dysfunction [208, 

209]. It is likely since there is increased systemic inflammation in older adults during flu 

infection, and that they may have pre-existing hepatic deficiencies, older adults may be more 

susceptible to hepatic complications during flu infection. In the context of future directions, 

more research should focus on the metabolic impact of flu infection on organs such as the 

liver, particularly in the context of aging.

3.6 Renal Complications

As with other complications, flu-associated renal complications are worse in those with pre-

existing risk factors, including obesity, chronic kidney disease, and increased age [211, 212]. 

Indeed, older adults are more likely to suffer from pre-existing renal impairment. Flu 

infection, even without severe complications such as rhabdomyolysis, can cause acute 

kidney injuries. Incidence of acute kidney injuries ranged from 18–66% in ICU admitted flu 

patients with the average age of 43 years and 13% of patients over 60 years [213–215]. 

Further, in the 2009 pandemic influenza A (H1N1) studies observed acute tubular necrosis 

(ATN), acute kidney injury was reported in up to 66% of critically ill adults (aged 25–50 

years) and was associated with higher mortality rates [216–218]. These renal injuries are 

speculated to be due to decreased renal perfusion secondary to hypovolemia or a 

vasodilatory state of sepsis during severe flu infection. Importantly, renal function is 

regularly monitored in ICU admitted older adults for almost all infections. However, renal 

function and filtration declines with aging and the decrease of repair capacity leaves the 
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organ vulnerable in older adults. In the context of future directions, there should be more 

research into the relation between kidney injury and flu infection so that more preventative 

action can be taken.

4.0 Conclusions

Diminished immune responses in older adults sets this population aside from others with 

pre-existing vulnerability to influenza infection and its complications. In addition to 

weakened and delayed immune responses, older adults often struggle with recovery post 

infection due to extenuating complications. Indeed, the dysregulation of immune responses 

and increased systemic inflammation contribute to multiorgan complications that negatively 

impact older adults. The most common complication in older adults is secondary bacterial 

infection, such as bacterial pneumonia. Indeed, secondary bacterial infection is implicated in 

the majority of flu-associated deaths in older adults. While commonly overlooked, 

uncommon complications, such as ARDS, often times follow pneumonia and can lead to 

advanced disease states. Extrapulmonary flu complications are also more common in older 

adults. The severity of flu-associated myocarditis spans a wide spectrum ranging from 

asymptomatic to severe heart disease, though the relation to age is not clear. Interestingly, 

skeletal muscle more distal to the site of infection also is affected by flu infection with older 

adults more at risk for weakness and muscle atrophy, often resulting in declines in physical 

function. Surprisingly, even separate from these instances of flu virus in the intestine, there 

are microbiota altering events during lung flu infection, which shift T cell population 

frequencies and induce dysbiosis. Adverse neurological and central nervous system 

complications with flu, mainly seen in pediatric and older adults, have associations with 

demyelination, encephalopathy, seizures, and cognitive declines. Other commonly 

overlooked complications from systemic inflammation and multiorgan disfunction include 

hepatic and renal systems which are already weakened in older adults from pre-existing 

complications. While vaccination reduces some of these common and uncommon 

complications, the negative impacts of flu infection are still evident in older adults. Thus, 

older adults need to be monitored more closely for flu-associated complications to prevent 

flu-associated morbidities and disabilities.
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Highlights

• Older adults have preexisting vulnerability to flu infection and its 

complications

• Weakened and delayed immune responses lead to increased systemic 

inflammation

• Dysregulated immune responses and inflammation leads to multiorgan 

complications

• Vaccination reduces severity and duration of flu complications in older adults

• Older adults need closer monitoring for flu complications to prevent 

morbidities
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Figure 1. Summary of age-related changes to the immune systems of humans and mice [11–76].
Increases or decreases in cell numbers or particular functions are indicated by arrows 

pointing upward or downward. Figure made with biorender.com.
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Figure 2. Influenza infection of the upper respiratory tract leads to complications in other tissues 
and organs.
These complications are made worse by the diminished immune response in older adults. 

Figure made with biorender.com.
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