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Abstract 

Within Sudden Infant Death Syndrome (SIDS) resides several primary phenomena; these include a 

state of immune immaturity, susceptibility to infection, and an inflammatory state. Most SIDS risk 

factors pertain in some way or another to higher risk of infection (prematurity, lack of breastfeeding, 

low or absent transplacental antibody, ethnicity, genetics, risky gene polymorphisms, poverty, etc.). 

Most SIDS cases display evidence of an inflammatory state (raised inflammatory markers and 

inflammatory cytokines). The pattern of inflammation is very similar to that observed following 

vaccination, which for achieving successful levels of protective immunity requires components that 

induce high reactogenicity. It is this reactogenicity which, under certain circumstances can cause 

immune paralysis. Immune paralysis leaves a vulnerable infant open to infection and systemic 

inflammatory response syndrome leading to shock. Such a mechanism is explored in this rapid 

review in the context of the aetiopathogenesis of SIDS. 

Keywords: sudden infant death syndrome; SIDS; inflammation; infection; pseudo-infection; 

vaccination; reactogenicity; immunoparalysis 

 

Immune disadvantage and inflammation are common in SIDS 

• Could Immune Disadvantage, Inflammation and hyperimmunization lead to SIDS? 

• Most infants receive multiple (≥69) vaccine antigens and reactogenic adjuvants in the first year of 

life; this antigen/adjuvant load could act as hyperimmunization in vulnerable infants. 

• Hyperimmunization is known to cause immune paralysis. 

• Immune paralysis therefore could be a pathway to SIDS. 

1. Introduction and Background  

Sudden Infant Death Syndrome (SIDS) is defined as the sudden unexpected death of an 

apparently healthy infant under 1 year of age, which remains unexplained after a thorough case 

investigation, including a complete autopsy, examination of the death scene, and review of the 

clinical history [1]. It is important to recognize that SIDS is not only a diagnosis of exclusion but also 

a distinct entity within the broader category of sudden unexpected infant death (SUID) or sudden 

unexpected death in infancy (SUDI). SUID/SUDI encompasses all unexpected deaths in infants under 

1 year of age, including those due to explained causes such as accidental suffocation, metabolic 

disorders, or infections, as well as those that remain unexplained after investigation. SIDS specifically 

refers to those cases where no cause is identified after a comprehensive evaluation as per the above 

definition [2]. 

For many decades there has been an unresolved problem in categorizing SIDS: the problem lies 

in the fact that a majority of SIDS cases bear features of infection ]3-5], and the decision is 
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problematical in naming these cases as SIDS or a death occurring in conjunction with infection that 

is not considered serious enough to have caused the death. Such deaths are therefore given the name 

SUID/SUDI. The ‘diagnosis’ depends on the individual perspectives held by the pathologist or 

coroner responsible for making the ‘diagnosis.’ To gain perspective in this regard, and to emphasize 

infection-related features commonly observed in SIDS, a summary of these features is given further 

on.  

In considering the pathogenesis of SIDS, infections and infection-related ones remain as primary 

considerations, especially in the context of the much relied-upon ‘triple risk hypothesis’ (in which a 

genetically or developmentally vulnerable infant at a critical developmental stage is exposed to 

exogenous stressors such as smoke exposure, prone sleeping or overheating [6]. Infection and its 

accompanying inflammatory response are rarely mentioned but are accepted stressors. This generally 

downplayed position of the role of infection in SIDS pathogenesis could have been one of the biggest 

mistakes in investigating the SIDS problem. 

Numerous studies on the role of infection in SIDS have been published [3-5,7], however, this 

body of work has been ignored by mainstream researchers. 

The hypothesis that infection is the most likely factor in the SIDS story, because of its strong 

association with most SIDS risk factors, and the diminished immunological status of the infant (lack 

of breastfeeding, prematurity leading to low maternal transplacental antibodies, etc.), representing 

“immune disadvantage,” and the consistent pathological finding of inflammation [8,9] stands as a 

well-supported idea. The concentration by mainstream researchers on sleep and homeostatic control 

and arousal failure has produced little if any data of real substance despite decades of endeavour. 

The best support for a sleep-related homeostatic failure hypothesis is contained in the findings of 

CNS inflammation with microglial and astroglial activation, apoptosis, raised CSF levels of 

inflammatory cytokines (e.g. IL-6). The recently published paper by Opdal et al. [10] entitled ‘The 

vicious spiral in Sudden Infant Death Syndrome’ provides a good summary of the present state of 

research but continues to invoke the triple risk hypothesis as the central tenet. The authors tended to 

favour CNS inflammatory responses as the key feature for the final pathway to death through 

disturbed homeostatic function [10] rather than seeing inflammation in a broader context. One can 

apply the triple risk hypothesis to most, if not all infectious diseases in infancy: i.e., a genetically or 

developmentally vulnerable infant at a critical developmental stage is exposed to an exogenous 

stressor (i.e. infection). 

Further support for the infection model was shown by the rate of sudden infant death syndrome 

(SIDS increasing during the COVID-19 pandemic). This increase was most evident in 2021, with SIDS 

rates rising by ~10% compared to the pre-pandemic period, and a marked monthly increase observed 

from June to December 2021 (northern hemisphere) [11]. Additionally, the overall rate of sudden 

unexpected infant death (SUID), which includes SIDS, plus cases resulting from an unsafe sleeping 

environment, and deaths of unknown cause, also increased during the active pandemic period, but 

the rise was primarily driven by SIDS rather than other SUID categories [11,12]. While associated 

pandemic-related factors associated with the increased rates of SIDS (such as disruptions in 

healthcare access, changes in sleep practices—especially co-sleeping), and altered patterns of 

respiratory infections, particularly off-season resurgences of respiratory syncytial virus (RSV) were 

main features and add weight to the role of infection in SIDS [11,13,14], and actual CNS viral infection 

is now recognised as part of the problem.[15]. Perhaps the strongest evidence of infection playing a 

role in SIDS is the association of Staphylococcus aureus and prone sleep position the combination of which 

carried a high relative risk of SIDS [16,17].  

2. Extending the Infection Hypothesis  

The aim of this rapid review is to seek additional putative factors that could explain the SIDS 

enigma: the notion of pseudo-infection (vaccination) and how this could impact on infants in their first 

year of life. The review utilised PubMed, Google Scholar and Open Evidence to source relevant 

literature. 
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Vaccination/immunization is a pseudo-infection…  

It is obvious that where infection resides there is always involved an infectious agent (or agents-

in-combination). However, until recently there has been little consideration of so-called pseudo-

infections (and attenuated real infections) which are represented by immunisations. This issue has been 

summarised in a recent paper [18]. The paper raised the potential problem of hyperimmunization 

wherein multiple and/or repeated antigenic exposure causes serious potentially fatal 

immunopathological responses. Studies cited have shown increased infant mortality with increasing 

number of vaccines received [19,20]. The 2011 study by Goldman and Miller [21] examined 

approximately 38,000 infants who were either hospitalized or died after receiving the scheduled 

vaccines. The researchers grouped the cases which had resulted in serious adverse events by number 

of vaccine doses received which ranged from one to eight. Among the infants who received two doses 

of vaccine, the hospitalization rate was 11%; for three doses it was 12.4%. The rise continued for each 

additional vaccine dose and had reached 23.4% following eight doses. Infants who had five to eight 

doses had significantly higher mortality rates than those who received one to four doses. 

The evidence for an association between vaccination and SIDS resides mainly in the data 

included in Vaccine Adverse Event Registries (VAERs) which, is collected passively and therefore 

represents only a tiny fraction of the true number of vaccine-associated deaths and the categorization 

of causes is questionable. More direct studies provide somewhat stronger evidence and may reflect 

problems with specific vaccines or adjuvants [22]. By contrast, numerous authors [23-25] have 

concluded that no vaccine-SIDS association exists. As was observed with the VAERS papers, the 

studies claiming the lack of association are also flawed but in different ways: in their design, 

especially in terms of lack of recency analysis and low statistical power.  

The evidence for an association between vaccines and infant mortality must be regarded with 

care but should raise a level of concern to warrant serious investigation. Many of the studies tended 

to use unadjusted analyses and lacked control for confounding variables, which is a significant 

methodological flaw in epidemiological research on vaccines and neurodevelopmental problems and 

mortality, but to ignore these findings would be scientifically negligent when considering infant 

health and wellbeing in the context of the future of childhood immunization. 

The problems in interpretation of these and other studies was recently discussed by Cauchi et 

al. (2022) [26] in the context of vaccines and neurodevelopmental disorders: the authors found it can 

be difficult to interpret available data and put these into context and to effectively communicate this 

information. The contemporary methodologies employed to investigate possible associations 

between vaccination and adverse neurological outcomes were examined and showed that 

determining causality can be challenging especially the understanding and communication of the 

data accurately to clinicians and the general population under so-called ‘infodemic’ conditions 

facilitated by the electronic media. Jacobson & Jacobson (2005) [27] provided a more detailed 

examination of the problems involved in study design and interpretation of data in the context of 

neurotoxins and neurodevelopmental disorders. They focussed on multiple comparisons, effect 

modifiers, and clinical significance. They examined alternatives to the Bonferroni approach regarding 

multiple comparisons (entailing unacceptably high risk of Type II error), including limiting the 

number of primary endpoints for hypothesis testing, evaluating the consistency of effects across 

multiple related endpoints, and replication. They showed that effect modifiers are important for 

understanding the marked individual differences in vulnerability that characterize most 

neurodevelopmental exposures. In evaluating effect modification, separate analyses comparing high 

and low risk groups could provide an alternative to statistical interaction terms, which are 

demonstrably underpowered in most broad longitudinal field studies. So, the risk of 

misinterpretation applies to studies both for and against a specific apparent correlation. Thus, it is 

now incumbent on vaccine manufacturers to conduct trials designed to overcome the above problems 

and elevate interpretation of results into less controversial status. Conflict of interest remains a 

problem and should require manufacturers to have independent researchers formally involved in 

their trials.  
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As mentioned in the twin SIDS paper [18], the 2024 study by Jablonowski et al. [22] in which 

1,542,076 vaccine combinations administered to infants <1 year - old were evaluated for 

neurodevelopmental and other outcomes, the findings raised concern. While the study did not 

examine risk of SIDS or SUDI, it showed that for each additional vaccine given, the number of 

diseases (neurodevelopmental, respiratory, or suspected infection) diagnosed more than doubled 

[22], despite methodological weakness of the study, we would be negligent if we did not pay serious 

attention to this potentially adverse “dose effect,” possibly occurring through hyperimmunization. 

The review now examines this phenomenon. 

3. Hyperimmunization 

Because the phenomenon of hyperimmunization occurs with multiple immunizations, then it is 

essential and necessary to determine if this potentially adverse mechanism could plausibly occur in 

infants who receive multiple immunizations via the infant immunization schedule. If the data 

supports this, then gaining an understanding of how this could result in fatalities would be required. 

It is the purpose of this rapid review to discuss these mechanisms in as much detail as current 

knowledge allows.  

Hyperimmunization: vaccine antigens or adjuvants? 

Firstly, what possible adverse outcomes are observed following hyperimmunization? 

In 1902, Zenoni [28] first described the development of amyloidosis in horses hyperimmunized 

with diphtheria toxin. Numerous other immunopathological outcomes are now well known to occur 

under similar excessive antigenic exposures. However, closer examination would indicate that the 

problem could reside in both the antigen(s) but also in the adjuvant(s). While there is sufficient 

evidence to raise concern regarding multiple exposures to antigens [19,29,30], concern regarding 

multiple dosing of adjuvant(s), particularly those that are highly inflammatory is also a concern [31-

33]. 

According to Petrovsky [33], symptoms such as fever, headache, malaise, nausea, diarrhoea, 

arthralgia, myalgia and lethargy relate to systemic reactogenicity manifested through adjuvant-

associated innate immune activation and inflammatory responses. Adjuvants are used to exaggerate 

activation of innate immune receptors. Certain adjuvants function as pathogen-associated molecular 

patterns (PAMPs) and induce systemic reactogenicity. Toll-like receptor (TLR) ligands, such as 

monophosphoryl lipid A (MPL), flagellin, lipoarabinomannan, peptidoglycan or acylated lipoprotein 

[34] are examples. Adjuvants that induce local tissue damage (e.g. oil emulsions and saponins), 

induce the release of endogenous damage-associated molecular patterns (DAMPs) that activate 

innate immune receptors and induce inflammation [35] and consequent systemic reactogenicity.   

The duration of inflammation-associated adjuvant reactogenicity (markers of 

inflammation/reactogenicity such as C-reactive protein (CRP) and interleukin-6 (IL-6)), have been 

shown to typically rise within hours after immunisation in infants and generally return to baseline 

within 48–72 hours. In premature infants, CRP and IL-6 elevations are evident after administration 

of whole-cell pertussis-containing vaccines, peaking within the first 24–48 hours and normalizing by 

48–72 hours post-immunisation [36,37]. However, transcriptomic changes, including overexpression 

of interferon-stimulated and inflammation-related genes, are most pronounced at 7 days post-

vaccination and generally resolve by one month after immunisation in term infants [38].  

It is important to clarify if there is any difference between the administration of a single vaccine 

or of multiple vaccines to infants on one occasion. Pourcyrous et al. [39] demonstrated abnormal 

elevation of CRP level occurred in 85% of premature infants (<35 weeks gestation) administered 

multiple vaccines and up to 70% of those given a single vaccine. Overall, 16% of infants had vaccine-

associated cardiorespiratory events within 48 hours postimmunization. In logistic regression 

analysis, abnormal CRP values were associated with multiple vaccines (OR, 15.77; 95% CI 5.10-48.77) 

and severe intraventricular haemorrhage (IVH) (OR, 2.28; 95% CI 1.02-5.13). Cardiorespiratory events 

were associated marginally with receipt of multiple injections (OR, 3.62; 95% CI 0.99-13.25) and 

significantly with gastroesophageal reflux (GER) (OR, 4.76; 95% CI 1.22-18.52). The vaccines used 
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included DTaP (Infanrix, SK Beecham, Philadelphia, Pa), Hib (ActHIB, Aventis, Swiftwater, Pa), HBV 

(Engerix-B, SK Beecham, Philadelphia, Pa), IPV (Inactivated-IPOLTM, Aventis, Swiftwater, Pa), and 

PCV7 (Prevnar, Lederle, Pearl River, NY). Infants were assigned to one of five vaccines, each with 

different adjuvants, making it challenging to interpret combined results. However, it was clear that 

DTaP caused the highest average CRP (12.1 mg/dL), the next highest being ActHIB (7.1mg/dL). DTaP 

incorporates Alum as its adjuvant. The adjuvant in ActHIB is tetanus protein (PRP-T) conjugated to 

Hib capsular polysaccharide (PRP). When all these vaccines were given in the same day to infants 

the average CRP was the second highest recorded overall (10.8mg/dL). The study revealed that some 

vaccines, including DTaP, when administered alone do not avoid cardiorespiratory adverse events 

or abnormal CRP values in premature infants in the NICU. But it is noteworthy that the incidence of 

these events was higher following simultaneous administration of multiple vaccines compared with 

administration of a single vaccine. The acute phase reaction to infection is characterized by IL-1β and 

IL-6 production, followed by CRP synthesis in the liver and release into the bloodstream. CRP begins 

increasing within 6 h of onset of infection, peaks around 48 h post-infection [40] but can remain 

increased for up to 6 days after death [41]. It is interesting that in the context of SIDS compared to 

infection the inflammatory markers of IL-1 and CRP seemed to be higher in the infection group than 

in SIDS but there was no difference between the two groups in seventeen other (mostly pro-

inflammatory) immune biomarkers.[42]. In febrile infants younger than 3 months, post-immunisation 

leucocytosis was observed in almost half the children. These cases met the criteria for formal sepsis 

workup, yet they had no clinical symptoms or signs of infection [43].  

Many infants are iron deficient in the highest SIDS risk months. Such hypoferronaemia can have 

serious impacts on the immune response to both infection and vaccinations [44]. The underlying 

mechanisms are complex and therefore will be dealt with in a separate paper. 

If SIDS is the result of an infection (or preudo-infection) then we should question the idea of 

comparing SIDS with defined infections. As we have seen, it is difficult to separate the two based on 

blood levels of a long list of pro-inflammatory markers. Such an approach is comparing like with like. 

However, the findings in relation to vaccine reactogenicity only strengthens the notion that 

immunisation (especially involving adjuvants) mimics infection in terms of the pro-inflammatory 

and reactogenic molecules produced. 

So, in summary, post-vaccination inflammatory markers develop in the first few days of the 

injection and resolve in most recipients within a week but can extend to a month. There is a 

suggestion that the degree of reactogenicity is related to the adjuvant used but most importantly the 

timing of the reactogenicity coincides with the incidence of unexpected infant deaths reported 

following immunisation (summarised in Goldwater 2025 [18] ), with higher mortality in the week 

following immunisation compared to mortality at 8 weeks post-immunisation, just before the next 

series of vaccines are scheduled. 

Von Kries et al. [45] assessed whether temporal associations of mortalities could be attributed to 

chance. The study used standardised mortality ratios (SMR) for deaths within 1 to 28 days after 

administration of either of two hexavalent vaccines in the 1st and 2nd year of life. SMRs were 

determined using the respective annual rates for sudden unexpected deaths (SUDs) from national 

vital statistics. The study found for one of the vaccines (vaccine B), all SMRs were well below one. 

For the other (vaccine A), SMRs exceeded one insignificantly on the 1st day after vaccination in the 

1st year of life. In the 2nd year of life, however, the SMRs for SUD cases within 1 day of vaccination 

with vaccine A were 31.3 (95% CI 3.8-113.1; two cases observed; 0.06 cases expected) and 23.5 (95% 

CI 4.8-68,6) for within 2 days after vaccination (three cases observed; 0.13 cases expected). Extensive 

sensitivity analyses were unable to attribute these findings to limitations of the data sources. 

The authors concluded that the findings based on spontaneous reporting did not prove a causal 

relationship between vaccination and sudden unexpected deaths. However, the data constituted a 

“signal” for one of the two hexavalent vaccines examined which should act as a prompt for intensified 

surveillance for unexpected infant deaths following vaccination. 
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The report of six infants and children by Zinka et al. [46] involved three male and three female, 

aged between 4 and 17 months. Five children had been vaccinated with Hexavac®, one with Infanrix 

Hexa® during the previous 48 h before death. Shortly after the vaccination, three of the children 

developed tiredness, loss of appetite, fever up to 39◦C and insomnia. All children were found dead 

without explanation 1–2 days after the vaccination. The reported clinical features indicate that 

inflammation, through the effects of pro-inflammatory cytokines, is likely involved as part of the 

vaccines' reactogenic effects. 

4. The Role of Inflammation  

It is generally accepted that for successful immunisation, inflammation (which occurs with 

natural infection), is also essential for achieving protective immunity, as it facilitates the development 

of adaptive immunity by activating innate immune pathways and promoting cytokine and 

chemokine production [47-49]. This local and systemic inflammatory response is typically transient 

and manifests as common, mild adverse effects such as pain, erythema, swelling at the injection site, 

and fever or malaise [49-51]. These symptoms are generally self-limited and correspond with 

increased levels of proinflammatory cytokines (e.g., IL-1β, IL-6, TNF-α, G-CSF) and seem to be more 

pronounced with adjuvanted vaccines [49-51]. 

In a minority of cases, inflammation can lead to more significant adverse events, including 

febrile seizures, arthralgia, arthritis, cutaneous reactions, and rarely, immune-mediated phenomena 

such as uveitis, idiopathic thrombocytopenic purpura, or acute disseminated encephalomyelitis [52 -

55]. Exacerbation or new onset of immune-mediated inflammatory diseases (e.g., psoriasis, 

hidradenitis suppurativa) has also been reported, particularly following mRNA COVID-19 

vaccination, though causality remains under investigation [56]. In a small study by Tukaj et al. [57], 

COVID-19 mRNA vaccine did not affect cytokine levels associated with major T helper cell 

subpopulations, including Th1, Th2, Th17, and Th22, which are commonly involved in the 

pathogenesis of autoimmune diseases. These cytokines are central to the differentiation and effector 

functions of their respective T helper cell subsets and are implicated in autoimmune pathogenesis 

[58]. However, anti-Hsp (heat shock) autoantibodies which are associated with autoimmune diseases 

were shown to be restricted to mRNA vaccine recipients and were not found in unvaccinated and 

never-infected controls. This finding should raise concern and require serious investigation [57].  

In infants (especially preterm) inflammation can induce apnoeic episodes [59] which carries risk 

of sudden unexpected death. It is now becoming apparent that intermittent hypoxia in preterm babies 

produces an inflammatory response in much the same way as it does in adults [60]. This phenomenon 

of infant apnoea and intermittent hypoxia has been an area of intense interest for mainstream SIDS 

researchers wherein the focus has been on respiratory homeostasis rather than on inflammation. The 

natural progression of this work I consider should include the inflammatory effects of vaccination as 

discussed above. 

5. Immune Paralysis (Immunoparalysis) 

Vaccination can, in addition to causing inflammation, result in other forms of immunotoxicity 

such as immunoparalysis. Immunoparalysis is an acquired immune suppression marked by 

decreased innate and adaptive responses, often seen in critical illness or sepsis. Experimental and 

clinical data indicate that some vaccines, particularly those containing strong adjuvants or 

administered in high antigenic loads, can induce transient or persistent immunosuppressive effects. 

For example, randomized trials have shown that the diphtheria-tetanus-pertussis (DTP) vaccine 

induces immunotolerance, with long-term repression of monocyte-derived cytokine responses and 

T-cell reactivity to unrelated antigens, a phenomenon partially reversed by concurrent or subsequent 

BCG vaccination [61-62].  

In mice, non-specific immunization with high antigen loads leads to adaptive 

immunosuppression as occurs in sepsis, lowering antibody responses and T-cell proliferation, partly 
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due to the effects of regulatory T cells (Treg) [63]. Additionally, vaccine adjuvant-induced 

inflammation recruits inflammatory monocytes that suppress T-cell responses, acting as a counter-

regulatory mechanism to limit excessive immune activation [64].  

While these immunosuppressive effects are generally transient and rarely result in clinically 

significant immunoparalysis in healthy individuals, they highlight the complex immunomodulatory 

potential of vaccines beyond their intended antigen-specific effects. The clinical relevance of vaccine-

induced immunoparalysis remains under investigation, but current evidence supports the possibility 

of immunosuppressive sequelae, particularly in the context of repeated or high-dose immunization, 

or in individuals with underlying immune dysregulation. Infants, particularly those born 

prematurely could be subject to vaccine-induced immunoparalysis especially when exposed to high 

antigen loads provided through polyvalent vaccines given under the conditions imposed by national 

childhood immunisation schedules wherein (and applying scheduled repeats) up to 69 vaccine 

targets (or more, especially for Aboriginal infants) in the first year of life [18].  

6. Mechanisms Involved in Immunoparalysis 

The mechanisms by which immunoparalysis occurs are complex and involve several different 

processes which fall into three main categories: Immune cell death, anergy and anti-inflammatory 

state [66]. Recently it has been shown that immune paralysis involves several influencing processes 

including immune-metabolic dysfunction which adversely affects immune cell energy metabolism, 

transcriptomics changes affecting gene expression, and epigenetic effects. How sepsis, or pseudo-

infection (vaccines and their adjuvants) could affect these processes remains to be determined and is 

a subject requiring urgent investigation.  

It is reasonable to state there is now enough evidence to show that immune paralysis does occur 

in infancy during or after a severe systemic inflammatory insult such as sepsis (as may occur in 

critically unwell Intensive Care babies) and is characterized by a marked diminution of both innate 

and adaptive immune responses accompanied by decreased expression of monocyte human 

leukocyte antigen-DR (HLA-DR) and demonstrably reduced in vitro production of proinflammatory 

cytokines including tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) [66,67]. Affected 

infants are at risk of nosocomial infections and further sepsis. The pathophysiology involves a 

compensatory anti-inflammatory response following the initial proinflammatory insult and leads to 

downregulation of leukocyte function and altered gene expression that dampens immune activation 

[65-67]. Genomic profiling in affected infants has revealed increased expression of genes that dampen 

immune responses and decreased expression of genes involved in immune activation and regulation, 

particularly those related to antigen processing and negative regulation of interleukin-6 production 

[68].  

Weiss et al. [69], were the first to describe mitochondrial dysfunction as an important player in 

immune paralysis, the evidence of which was derived from both animal models and human cases. 

The processes involved are multifactorial and affect both the innate and adaptive arms of the immune 

system. Mitochondrial dysfunction in peripheral blood mononuclear cells contributes to immune 

paralysis, through disruption of cellular energy metabolism and immune competence [69].  

Expansion of myeloid-derived suppressor cells (MDSCs), mainly polymorphonuclear subsets 

generated via the PD-1/PD-L1 pathway, further suppresses T-cell activation and cytokine production, 

perpetuating immune paralysis [70].  

In infants, the immaturity of their immune system plus transplacental maternal antibodies 

further modulate immune responses, so immune paralysis as described above is a distinct ‘acquired’ 

phenomenon, most often triggered by severe systemic inflammation or infection [71,72]. It remains 

unclear if the presence of maternal antibodies contributes in any way to immune paralysis per se. 

Immune cell death or apoptosis, as mentioned, is a key process involved in immune paralysis. 

Sepsis in human subjects results in progressive apoptosis-induced loss of immune cells including 

CD4 T+-cells, CD8 T-cells, B-cells, natural killer (NK) cells and follicular dendritic cells. Apoptosis 

occurs through 2 pathways: (1) the death-receptor pathway; and (2) the mitochondrial-mediated 
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pathway. The apoptotic debris dealt with by monocytes, macrophages and dendritic cells may result 

in increased anti-inflammatory cytokine (e.g. IL-10) release by Treg cells or result in a state of anergy 

furthering immunosuppressive effects with decreased monocyte CD14/human leucocyte antigen 

(HLA)-DR co-expression. 

Recognizing that hyperimmunization is known to cause immune paralysis, it is not too large a 

step to reason that hyperimmunization, consequent to infant immunisation and purported 

hyperimmunization, through multiple antigen exposures at one time, could also be responsible for 

this. 

The consequences of hyperimmunization or infection include systemic inflammatory response 

syndrome (SIRS) which is usually accompanied by a “cytokine storm.” Often this is followed by 

CARS (Compensatory Anti-inflammatory Response Syndrome) which is the immune system's 

counter-inflammatory response to sepsis, a mechanism to restore homeostasis following SIRS. While 

SIRS is a proinflammatory response to fight infection, CARS is a systemic immunosuppression that 

can increase susceptibility to secondary infections and lead to poor clinical outcomes [73]. 

In the case of overwhelming CARS, immune paralysis occurring through the processes 

discussed above (immune cell apoptosis and functional impairment of lymphocytes and phagocytes), 

with associated increased anti-inflammatory and decreased pro-inflammatory cytokine production 

[74-77]. The role of Treg lymphocytes in immune suppression is becoming better understood and 

shows that mitochondrial and lysosomal signalling orchestrates Treg cell metabolic and functional 

fitness [78].  

Overshooting of the anti-inflammatory response predisposes the host to bacterial infection, 

and/or reactivation of latent viruses [79,80]. In contrast to the initial causative insult of sepsis, which 

if recognized, can be treated, no therapeutic or preventive strategies are presently available to combat 

the deleterious effects of immune paralysis during the period of CARS [81]. In conclusion, the 

immune cell phenotype of patients who die from sepsis appears to represent features consistent with 

immunosuppression [82].  

Ferrante et al. [83], reported another potential contributor to immune paralysis that involves 

downregulation of myeloid differentiation primary response gene 88 (Myd88) in cerebral tissue from 

SIDS. Myd88 acts as a signal transducer in pathways that regulate activation of several pro-

inflammatory genes which are crucial in both innate and adaptive immune responses. The protein 

product of Myd88 plays a pivotal role in initiating and sustaining an effective immune response, so 

a deficiency in this protein may impair the ability to mount an optimal immune reaction and 

potentially contributes to vulnerability in SIDS [10]. 

Given that immune paralysis is an established entity in infancy, then it is appropriate for this 

rapid review to examine if there is a putative role of this immunopathology in SUDI and SIDS. And 

by extension, the review explores why immune paralysis could be important in the context of infant 

immunisation and SIDS/SUDI. 

7. Evidence of a Sepsis-Like Process in SIDS 

While sepsis is an obvious sequela of immune paralysis, could this form of immunopathology 

arise from a pseudo-infection (that is, hyperimmunization)? Previous studies have demonstrated 

positive evidence for a sepsis-like process occurring in susceptible babies who die of SIDS (thus 

opening the possibility that the sepsis is a consequence of immune paralysis). The evidence for a 

sepsis-like process in SIDS includes:  

1) the finding of proinflammatory cytokines in SIDS [15,84-86]. 

2) the finding of bacterial toxins in SIDS tissues [87,88].  

3) the isolation of highly pathogenic bacteria (Staphylococcus aureus, Escherichia coli) in normally 

sterile sites [88-90]. 

4) the finding of elevated fibrin degradation products in sera from SIDS cases [91].  

5) the shock-like physiological evidence of tachycardia followed by profound bradycardia 

occurring before cessation of breathing in cases of SIDS captured on memory monitors [92-94]. 
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6) biochemical/clinical chemistry findings of Dr. Hazel L. McGaffey. Her work showed elevated 

brain and CSF lactate in conjunction with low CSF pH in cohorts of SIDS cases [95-99].  

7) the organ weight changes (heavy, wet lungs, large brain and liver) compatible with sepsis, 

with enlarged thymus reflecting immunological perturbation [100-103].  

8) intrathoracic petechial haemorrhages possibly the consequence of sepsis-related immune-

mediated vasculopathy causing capillary leakage through basement membrane disruption [104,105] 

and shock-like diaphragm histopathology [106,107] with contraction band necrosis and muscle fibre 

changes frequently reported but are not universally observed. 

In neonates, viral infections such as adenovirus and influenza trigger a cascade of morphological 

changes in the thymus. The initial stage shows enlargement of the thymus with oedema resulting in 

the collapse of reticular epithelial cells. As the infection progresses, the thymus shrinks with loss of 

volume in both the compartments with increase in connective tissue (reticulosis and sclerosis) [108]. 

On the basis of these neonatal findings, the overall significance of thymic enlargement in SIDS 

suggests that most mortal events occur relatively soon after viral infection (before the process of 

involution) while there are also cases in which the thymus is smaller than average suggesting a longer 

duration of infection with possible downstream effects from sepsis and compensatory anti-

inflammatory response syndrome (CARS) [73]. 

According to MacFarlane [8], the thymus is involved in modulating development of the adaptive 

immune system. The study by Qu and colleagues [109] confirmed previous findings of increased 

thymic weight in SIDS (supporting aetiological involvement in SIDS). They also found increased 

concentrations of several pro-inflammatory cytokines compared with infants who did not present 

with an infectious component associated with their death. The level of some cytokines was within 

the range (but generally less) than control infants who died with severe infection (sepsis or 

pneumonia). Most of the cytokines promote thymic (and T cell) development suggesting that there 

may have been an underlying moderate infection in these infants and this supports the idea of 

subclinical infection promoted by Goldwater et al. [101]. Moreover, these data highlight the key 

observation that these thymic differences were unique to SIDS infants < 5 months of age, which coincides 

with the timing of the peak incidence of SIDS (2-6 months). According to MacFarlane [8], the data 

indicate a subclinical activation of the immune system in the youngest SIDS infants indicating a lack 

of an age-dependent thymus maturation. While the hypothesis that SIDS may be associated with a 

repression of normal immune system development, the alternative based on the observation that the 

cytokine profiles and thymic weights were already elevated in the youngest SIDS cases (< 5 months 

of age) suggesting a prematurely developed or over-reactive immune system. Thus, the 

characteristics of the thymus in the younger (< 5 months) SIDS infants started out higher than in 

control infants, masking the normal postnatal maturational process. Both ideas support and do not 

negatively impact on the overwhelming evidence of an infectious component of SIDS. The thymic 

findings should encourage a more in-depth analysis of thymic and immune system abnormalities in 

SIDS and should promote study of the development of the immune system in the context of critical 

stages of vulnerability in SIDS and in healthy subjects.  

Animal models have shown that the second week of life, corresponding to a ~ 6-month human 

infant, is a uniquely vulnerable period of development in a rat model of SIDS during which some of 

the exemplary features of SIDS are evident including a heightened vulnerability to a relatively mild 

proinflammatory challenge [110-112]. The findings of these studies point strongly to an 

immunopathology resulting in shock; and their findings do not diminish the idea of subclinical 

infection being part of the underlying mechanism. Thus, the door remains open to the idea that 

pseudo-infection (i.e. vaccination or hyperimmunisation) acts as the precipitant. 

Bajanowski et al. [113] studied 50 cases of sudden infant death. Cervical, paratracheal and lung 

hilar lymph nodes, thymus and spleen were examined histologically and immunohistochemically 

(CD 20, 21, 45RO). The cases were divided into 3 groups based on histology: A) – without pathological 

changes (N = 12), B) – with minimal to intermediate inflammation (N = 23) and C) – with severe 

inflammation (N = 15). In accordance with previous results the frequency of “pathological” lymph 
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node changes, such as paracortical lymphoid hyperplasia and variegated hyperplasia of the pulp 

increased from group A) to group C). B-cell antigens reacted according to this pattern. Pronounced 

lymphodepletation of the thymus (assumed to indicate long lasting stimulation of the T-cell system) 

was also observed with the same pattern. No case was indicative of a defect of the T- or B-cell system 

[113]. The findings are compatible with subclinical infection as an underlying mechanism in SIDS 

pathogenesis. 

8. Limitations 

Decades of research has shown that infection and inflammation are consistent features of SIDS, 

and that immunisation has been shown to induce identical inflammatory cytokine changes to those 

observed during infections, thus suggesting there are two common pathways to the development of 

inflammation. Blood-Siegfried 2009 [4] reviewed infection and inflammation in SIDS and concluded 

a high proportion of cases <6 months of age had these features. On the other hand, brainstem 

pathology, central to the triple risk hypothesis, occurs in about 50% of cases of SIDS based on Naeye’s 

[114] finding of brainstem astrogliosis. Decades of research has added brainstem neuronal apoptosis, 

and microglial activation to astrogliosis as markers of neuroinflammation [115]. These changes are 

purported to also underlie homeostatic failure of respiration or cardiac function or arousal, according 

to the triple risk hypothesis. But equally they are most likely the result of infection and related 

proinflammatory cytokines, given that the observed inflammation must precede supposed effects on 

homeostasis. Simply ‘cause and effect.’ 

When vaccines are given simultaneously in multiples or in high dose the phenomenon of 

immune paralysis is a known sequela. The immature immune system of young infants increases 

vulnerability to infection and sepsis and can lead to immune paralysis following a “cytokine storm,” 

so, theoretically both vaccines and sepsis can produce this outcome. The key limitation of this paper 

is the role of immunisation in this process and proof remains at a relatively low level. However, the 

above detailed discussion exposes a “signal” representing a possible relationship between vaccines 

and SIDS and this calls for further investigation of the infant immunisation schedule given the 

schedule provides vaccinations in a context akin to hyperimmunization. 

The level of certainty that vaccines do not cause SIDS is also debatable, wherein the studies 

looking into this are subject to flaws in design including issues of heterogenicity, weak statistical 

power, proneness to serious confounding (studies may show those who do or do not receive vaccines 

are likely to differ in many ways, some of which relate to their subsequent risk of early death, 

independent of vaccination). Also, proneness to other biases, including subject and control selection, 

and the selective loss of vaccination records for children who die, etc. [116]. Moreover, infants and 

children who receive vaccines are likely to be different in many ways from those who do not, and 

this poses an obvious problem for observational studies. Additionally, the literature on vaccine 

uptake patterns in different populations has identified factors associated with being vaccinated or 

not [117-125]. Socio-economic status amongst other factors, also carry mortality risks, and are 

therefore potential confounders in assessing associations between vaccination and mortality. 

Examples include poverty (and its increased risk of infectious disease), low parental education, 

orphan status and distance from a health centre. These are associated with low or delayed vaccine 

uptake and have also been associated with high mortality in many populations [125]. On the other 

hand, the link between high socio-economic status and high vaccination rates is expected to reduce 

mortality rate ratios when vaccinees and non-vaccinees are compared. Moreover, the collection of 

data on such factors, and their use in the adjustment of analyses requires ultimate care. 

9. Conclusions 

Through the decades of research into the cause or causes of SIDS the overwhelming weight of 

evidence indicates that inflammation is a strong contender through involvement in the underlying 

processes that can lead to an infant’s sudden unexpected death. There are two main mechanisms that 
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may lead to inflammation: infection and pseudo-infection (vaccination). Inflammation can lead to 

immune paralysis, and then, to shock and unexpected death. Inflammation is likely to underlie the 

mechanisms espoused by mainstream researchers (disruption of homeostasis of breathing, cardiac 

function and arousal). Both points of view have been discussed in this rapid review. In many respects, 

the evidence for infection and/or inflammation stands well-supported by a broad swathe of evidence. 

It seems apparent that both the triple risk hypothesis and the infection/pseudo-

infection/inflammation hypothesis can coexist, but, on balance of probability, the former requires the 

latter for SIDS occur. Whether or not vaccinations, as they are currently administered, are a significant 

player in this process will be clarified in the fullness of time.  

While it is encouraging to see energy put into the development of mucosal vaccines, should we 

be concerned over reactogenicity of these vaccines in the context of hyperimmunization and immune 

paralysis? Current mucosal vaccines (intranasal, inhaled and oral) are generally less reactogenic than 

parenterally administered vaccines. Mucosal vaccines tend to cause fewer systemic adverse reactions 

(e.g., fever, myalgia, malaise). Systematic reviews and meta-analyses of mucosal vaccines for 

respiratory pathogens (including COVID-19 and influenza) indicate that their safety profile is 

comparable to or better than intramuscular vaccines, with adverse events typically mild and 

transient. No significant increase in serious adverse events has been observed with mucosal vaccines 

in large clinical trials [126]. However, reactogenicity can vary depending on the vaccine platform (live 

attenuated, inactivated, or vector-based), the mucosal route and the use of adjuvants [127,128]. It will 

take time to understand if multiple mucosal vaccines can be given together and avoid 

hyperimmunization effects observed with parenteral vaccines. The apparent lower reactogenicity of 

mucosal vaccines, and other advantages [129] should encourage their development especially in view 

of the issues surrounding the high number of vaccines and needles given in an infant’s first year of 

life. 

The epigraph provided at the beginning of this paper is to encourage readers to reflect upon and 

question widely “accepted” paradigms. The case of the discovery of Helicobacter pylori and its 

relationship to peptic ulceration provides an excellent example wherein the mainstream paradigm 

was shown by Marshall and Warren to be heretical! [130]. 
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