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Abstract: A recent study has suggested that the age profiles for deaths due to COVID-19 variants differs
between variants and shows male/female specificity. This study implies that age/sex dependency is common
among human pathogens. The often-reported higher susceptibility to infections among the young and elderly
is true in general but does not apply to individual pathogens. Even among different types of pneumonia there
are subtle differences in the age profile. The gender ratio between pathogens likewise shows wide variation
from as low as 10% female admissions for leptospirosis to around 90% for gonococcal admissions. The observed
age/sex variation observed for mortality due to COVID-19 variants is an expression of a far wider phenomenon
with implications to the age/sex response to vaccines. During the first year of the COVID-19 pandemic, i.e.,
before the arrival of COVID-19 vaccines, some 30% of all available ICD-10 human diagnoses showed a
statistically significant shift in the gender ratio. Such a shift cannot be explained by lockdowns and other
measures because they are applied equally to the whole population. Neither can this shift be explained by
direct COVID-19 infection. The shift is most likely due to the shift in the balance of pathogens arising from both
pathogen interference. We propose that small noncoding RNAs which are produced during all pathogen
infections contribute to such differences because they act as potent regulators of gene expression leading to
altered cell morphology, metabolism, immune function, and response to vaccines.

Keywords: SARS-CoV-2; COVID-19 disease; sex; age; pathogens; hospital admissions; gender ratio;
small noncoding RNAs

1. Introduction

A study in this journal suggested that mortality caused by different SARS-CoV-2 variants had
age- and sex-specific variation [1]. It is well recognized that pathogens tend to infect children and the
elderly more so than other ages [2,3], however, there is very little detailed study into the nuances
behind pathogen age profiles. In this study we take five years (2016/17 to 2021/22) of hospital
admission data from the English NHS to explore the age profiles for different pathogens and
pathogen-associated hospitalization using the primary diagnosis of the admission using the
International Classification of Diseases, version 10 (ICD-10) [4]. The primary diagnosis is assigned
after discharge using available patient records including blood tests, pathology, and other diagnostic
methods. Analysis is also conducted regarding the possibility that pathogens have a specific gender
ratio for hospitalization.

The aim is to demonstrate that while infections may collectively have higher rates in children
and the elderly, they individually have unique age profiles. This confirms that it should not be
surprising that SARS-CoV-2 variants have unique age profiles. Another aim was to demonstrate that
the balance between male and female admissions varies between years in instances where the medical
condition may be due to a different mix of pathogens which interact between themselves via the
process of pathogen interference [5].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

NHS admission data for English residents was obtained from NHS Digital [6]. Admissions over
the years 2016/17 to 2020/21 were summed by ICD-10 primary diagnosis at the three-digit level using
age bands 0, 1-4, 5-9, through to 85-89, and 90+. Note that admissions cover both elective and
emergency. This total was then divided by the total population in each age band for the same years
[7]. The resulting outcome was expressed as admissions per 100,000 population. Any diagnosis with
fewer than 10 admissions for the five years were excluded. Some 198 ICD-10 primary diagnoses were
selected for further study. A longer time series from 1998/99 onward was used to document the
proportion of admissions which were female. Ony those diagnoses with admissions in all 22 years
were studied, i.e., rare infections were excluded.

3. Results

3.1. The age profile for infectious diseases in total

It is commonly stated that infectious diseases most affect children and the elderly. This
general observation is confirmed for the total rate of hospital admissions by age for the 198
selected infectious and potentially infectious diagnoses selected in this study. The full list
is available in the Supplementary materials S1. As can be seen in Figure 1 the profile is U-
shaped with a slight bulge around age 25-29 which is due to infections arising during
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Figure 1. Total rate of admissions per 100,000 population for the 198 infectious and possibly infectious
ICD-10 diagnoses selected for further study.
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3.2. The age profile for different pneumonia diagnoses

It is known that various pneumonias account for a substantial proportion of deaths and
hospital admissions and Figure 2 investigates if the different pneumonia diagnoses show
subtle differences regarding the age profile.
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Figure 2. Age profile for pneumonia admissions for seven different ICD-10 primary diagnoses.

As can be seen in Figure 2 viral pneumonia has the highest rate of childhood admissions while
other types of pneumonia each display their own unique profile. The general propensity for
pneumonia admissions above age 65 explains why this age is commonly selected as the age at which
influenza vaccination commences. This is despite influenza(s) commonly having very different age
profiles for deaths [5].

3.3. The age profile for selected infectious agents

The full age profiles for infectious agents and other human diseases are given in the
Supplementary Materials S1 and the maximum infection rate can occur at any age. An example of
infectious diseases with divergent age profiles are given in Figure 3.
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Figure 3. Age profiles for several infectious diseases. CE = Also classified elsewhere
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While it is possible that occupational, recreational, overseas travel or other exposure may alter
the age profile [8,9], we have attempted to select diseases where this is unlikely. Thus Figure 3
appears to confirm the observation that infectious diseases possess a variety of specific age profiles.

3.4. The gender ratio for selected infectious agents

Data relating to the gender ratio of diseases from 1998/99 to 2020/21 is available in
Supplementary material S2. Figure 4a,b illustrate the principle that all infectious agents have a unique
ratio for the proportion of female/male admissions. These Figures use diagnoses from ICD-10
chapters A and B which are for a specific set of pathogens. Diseases resulting from multiple agents
will likewise have a unique proportion. Given the fact that several diagnoses show a trend in the
proportion of female admissions over time Figure 4a shows the median value for the full 22 years
while Figure 4b gives the median value for either the last six years or the full 22 years depending on
which proportion has the lowest standard deviation (STDEV). The plus 1 STDEV value is shown to
indicate the variability associated with each value. Note that in both Figure 4a and 4b some 66% to
70% of diagnoses fall below a 50% proportion female which broadly confirms the general observation
that males are more sensitive to infections than females [10] — although not true for specific
pathogens. The confidence intervals for the two tails do not in any way overlap. In terms of the
entirety of human disease across all ICD-10 chapters some 56% to 57% of 1,362 diagnoses (having 1
or more admissions across all 22 years) fall below a proportion of 50% female.
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Figure 4a. Proportion of female admissions for 120 diagnoses from ICD Chapters A and B relating to
specific pathogens. Data shows the median value for the 22 years between 1998/99 and 2020/21 and
the associated standard deviation (STDEV). Figure 4b. As for 3a except for the proportion female
associated with the lowest STDEYV for either the full 22 years or the last six years. The name of every
third diagnosis is shown. Only diagnoses with admissions in all 22 years are given. NEC = not
elsewhere classified. CE = also classified elsewhere in other diagnoses

In general, infrequent infections show a higher standard deviation (STDEV) and pathogens
showing a trend in the proportion of female admissions over time have a lower STDEV for data
covering the last 6 years. Despite the higher uncertainty for the less frequent pathogens there is
sufficient evidence that all pathogens have a unique proportion depending on their preference for
males or females. Unfortunately, the ICD-10 system does not generally differentiate between strains
and variants of the same species in the primary diagnosis, and we must deduce that the same
principle holds at sub-species level for strains/variants/clades, etc.

To illustrate further Figure 5 shows the trend in proportion female admissions for a selection of
diagnoses where infections are implicated as the primary cause or as a secondary exacerbating
feature. These diagnoses are drawn from multiple ICD-10 chapters. Note the existence of trends over
time and variable volatility depending on the number of admissions.

Also note specific deviations during 2020/21 when the first waves of the COVID-19 pandemic
were in operation. As we have pointed out COVID-19 exerts profound effects upon the balance of
pathogen interference, hence, female admissions are increased in psychological factors associated
with diseases, in unknown causes of mortality and in fevers of unknown origin.
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Figure 5. Trend in the proportion of female admissions in a selection of diagnoses which are likely to
have a primary or secondary infectious etiology.

On the other hand, during COVID-19 in 2020/21 female admissions are reduced in influenza,
viral pneumonia, and acute appendicitis. Also seen in the Supplementary material S2 is the fact that
a higher proportion of diagnoses show lower female admissions in 2020/21. i.e., during COVID-19.
Figure Al presents further evidence that the proportion female admissions in 2020/21 (during
COVID-19) showed a significant change for several infectious disease admissions, especially in the
two tails of the distribution. As may be expected, around half of infectious diseases showed no
significant change. Seemingly COVID-19 in 2020/21 (mostly for the Wuhan strain) was able to initiate
changes regulating the gender ratio for hospital admission for certain infections.

Public health interventions such as lockdowns and mask wearing are unlikely to selectively
target males/females.

It is well recognized that COVID-19 is a multiorgan disease and so Figure A2 investigates the
potential impact of COVID-19 in 2020/21 against a far wider set of diagnoses. Recall that most of
2020/21 was in the pre-COVID-19 vaccination era.

For Figure A2 diagnoses with a STDEV >10% were excluded as were diagnoses where the
STDEV was greater than the percent change. This process of exclusion left 960 primary diagnoses out
of 1,676 available diagnoses which are potentially susceptible to a lesser or greater degree to COVID-
19 induced change in the gender ratio for hospital admission. If a + 2 STDEV limit is applied, i.e., an
approximation of the 95% confidence interval (CI), this number drops to 740 ICD-10 diagnoses, and
at +3 STDEV (99.9% CI) this reduces to 550 diagnoses. This final number is still 33% of all available
ICD-10 diagnoses. We are not suggesting that this high number of diagnoses are directly due to an


https://doi.org/10.20944/preprints202309.1886.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2023 doi:10.20944/preprints202309.1886.v1

7

acute COVID-19 infection, but rather that the effect on human disease is largely mediated by the
considerable change in the balance between human pathogens which occurred upon the arrival of
COVID-19 via the mechanisms of pathogen interference [5].

COVID-19 looks to have had a far wider and nuanced impact on the gender balance of human
diseases. Note that there are more diagnoses where the shift is to a higher male proportion which is
consistent with the known effects of COVID-19 against males [1].

4. Discussion

In this study a hospital admission has been used as an indicator of serious illness which could
progress to death if left untreated. In many developed countries approximately 40% to 50% of people
die in hospital. A logical extension of the study would be to investigate the age/sex profiles for
hospital deaths. On this occasion publicly available data has been used to conduct a scoping study.

It is important to realize that there are around 3,000 known species of human pathogens [5], and
that some presumably noncommunicable diseases such as stomach ulcers are now known to have an
infectious origin [11]. More recently a proportion of intracerebral hemorrhage has been shown to
have a potentially transmissible origin [12]. Regarding Figure 5 appendicitis is another disease which
is now considered to be both directly and indirectly initiated/exacerbated by a wide variety of
parasites and pathogens [13-17]. In addition, the heterogeneity of pathogens at sub-species level is
well recognized in terms of clinical significance [18]. The role of sex in the response to infections and
vaccines is also widely recognized [19,20].

To explain the highest total rates of infection-related admissions in infants and the elderly (as in
Figure 1), it is necessary to consider the strength of immune response in different ages. It is known
that immunity in infants is not completely developed [21,22]. Breast feeding partially compensates
for the physiological immune deficiency in infants due to the mother’s antibody supplies. Artificial
feeding, which is rather common nowadays, prevents sufficient immunological reactivity in infants
that creates conditions for their higher infectious morbidity. In the elderly increased total rates of the
infection-related admissions can be related to weakening of the immunological reactivity because of
processes of immune senescence [21-23].

Sex-related variability in specific infection-related admissions could be partially explained by
anatomical and physiological peculiarities in men and women (example: sexually transmitted
diseases). Definite role for infection with some pathogens may play sex-dependent differences in
occupation (ex.: miners, military) and hobbies (fishing, hunting).

Pathogen interference is the process whereby one pathogen either inhibits or enables the
infectious ability of another pathogen [5]. Pathogen interference acts via the production of interferons
[24,25] and other mechanisms which are influenced by the production of small noncoding RNAs
(miRNAs) [26]. Two potential examples of pathogen interference are the increased levels of
parainfluenza virus in South Korea during the COVID-19 Delta variant outbreak from August 2021
onward [28], and influenza appears to have reemerged during the Omicron outbreak in Mexico [29].
Hence the emerging COVID-19 variants are effectively acting as “different’ pathogens in terms of
pathogen interference.

The miRNAs are produced by the cell in response to pathogen infection [26] and are additionally
coded into the genome of pathogens [30]. The miRNA response of the cell is itself sex and age
dependent [31]. The interferons also act via feedback to further regulate miRNAs [25]. Additional
complexity arises from the fact that multiple human conditions such as obesity, diabetes, trauma, etc.;
all have associated miRNA profiles [32] which probably interact in unpredictable ways with the
miRNA profiles arising from pathogen infection. In the case of COVID-19 disease some miRNA
profiles appear to signify recovery while others signify serious disease and mortality [33].

Given the multiplicity of mechanisms by which pathogens enter cells [34,35] it has been
proposed that pathogen entry is a major signal for the initiation of different miRNA profiles which
are further supplemented by the miRNA profiles encoded into the pathogen’s genetic material [1].
We believe that these are sufficient to account for the shifts in age/sex profiles observed in different
COVID-19 variants and the age/sex interactions between COVID-19 variants and vaccination [36,37],
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a concept which can also be extended to ethnic origin [33]. Hence the different symptom profiles
associated with COVID-19 variants [38].

It also appears that something peculiar may be happening with SARS-CoV-2 evolution [39]
either via experimentation or the quasi-species route [40]. In either case, our observation regarding
age/sex profiles for mortality due to COVID-19 variants is an expected outcome in a highly complex
system.

5. Limitations of the study

The study was limited to the primary diagnosis as determined by the coding rules within ICD-
10 and to the diagnosis at the 3-digit level. Identified pathogens may also occur in the secondary and
additional diagnostic fields. ICD-10 is updated over time [4], and the last major update was
implemented in England in 2012/13. Fortunately, chapters A and B were not greatly affected. It took
several years for the changes to fully affect coding, hence, the use of the last six years in some of the
analysis.

The standard HES data table [6] has several limitations in that prior to the introduction of 5-year
age bands in 2012/13 there were only four very broad age bands. Also, the data for sex is only
tabulated at the all-age level.

Due to the need to have sufficient admissions in all age bands, five years of data was used to
characterize the age profiles. Such a five-year average may obscure the contribution from
variants/clades in individual years.

6. Further research

Bacteriology/virology is more extensive among hospitalized individuals in countries such as
Japan and the USA and further studies are recommended using the data from these and other
countries, where the identified pathogen will often be available in the non-primary diagnosis fields.

Several outstanding issues require investigation.

1. How extensively does the gender ratio vary by age for different pathogens and their
variants/clades.

2. Do common human genetic polymorphs affect the age/sex profiles.

3. How do common human conditions such as obesity, diabetes, cardiovascular conditions, etc.,
modify the age/sex profiles — note that human conditions are associated with diverse miRNA
profiles.

4. The role of miRNAs in the effect of COVID-19 variants requires confirmation using in vitro and
in vivo studies.

5. Given that miRNAs affect the success of vaccination [41], can we disentangle which diverse
impacts on human health that new and existing vaccines may have in the face of a multi-pathogen
world.

6. Do the age/sex profiles for hospital admission and death show divergence —common sense would
suggest that the profile for death may be shifted to older ages.

With respect to the role of miRNAs, note that reference [36] contains a mini review of this topic.

7. Conclusions

Despite the limitations imposed using the ICD-10 primary diagnosis, this study establishes the
important principle that each infectious agent has a distinct age/sex profile for hospital admissions.
Highest total rates of infection-related admissions in infants and elderly people may be explained by
immunity maturation in infants and immune senescence in elderly people.

By extension, our recent observation that SARS-CoV-2 variants also have unique age/sex profiles
[1] should be seen in this wider context. Our additional observation that COVID-19 vaccines based
on the original Wuhan strain interacted with all-cause mortality in a manner dependent on age and
sex [36] suggests that human health may be directly or indirectly influenced by pathogens and their
variants in a highly nuanced manner, and within the context of the mechanisms regulating pathogen
interference. There appears to be much to learn regarding the mechanisms behind these factors. We
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Figure A2. The change in proportion female admissions in 2020/21 (during COVID-19) versus the
median proportion over the six years before COVID-19 for a wider variety of diagnoses. Diagnoses
with a STDEV >10% are excluded as are those where the STDEV is greater than the % change.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, S1: Data relating to the age profile for admission due to pathogens; S2: Data
relating to the proportion of admissions which are female for pathogens and additional diagnoses.
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