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Epidemiological position 
While the available data on vaccine efficacy and effectiveness, and projected timeline of the 

vaccination programme offer hope for a very considerable improvement in our position within  a 

matter of weeks, the epidemiological position is precarious, and any significant change in the public 

health interventions and controls that are currently limiting the spread of the virus is very high risk. 

However, a delay of 4-8 weeks will significantly change the risk profile. 

 

Figure 1: Key indicators as of 28 March 2021. Data are 7-day averages (the indicated day and the preceding 6 days, 
rounded to the nearest whole number) with the exception of 14-day cumulative incidence, which is the total number of 
cases in the preceding 14 days per 100,000 population. The highest and lowest values of each indicator are given for each 
wave of the pandemic, along with the date on which that value was recorded, as well as the data for recent weeks. The 
historic incidence data may change due to denotification of cases. 

 

Figure 2: Daily incidence is at best plateaued, or more likely increasing at approximately 600 cases per day, and is currently 
twice what it was in early December, and approximately 50 times what it was in late June 2020.  

 

The position is precarious for two reasons. First, the level of infection is high; at a 5-day average case 

count of 620 cases per day and a 14-day cumulative incidence of 165 per 100,000 it is approximately 



twice that experienced in early December 2020, and 50 times that in late June 2020. Second, the 

dominance of the more transmissible  B.1.1.7 variant means that, for similar levels of close social 

contact, viral transmissions and effective reproduction number (Reff) will be 30%-70% greater than in 

2020. 

The high level of infection significantly increases the risk associated with any increased in social 

contact and reproduction number. If reproduction number increases, the number of new infections 

per day will rise very quickly from this high baseline.  Figure 3 shows SEIR model runs where effective 

reproduction number increases to 1.6 from a baseline of 10, 200 or 600 cases per day. The high 

starting point 600 cases per day means that case numbers rise rapidly to over 2000 per day within in 

4 weeks.  Starting at 200 cases per day, case counts increase to 700 cases per day after 4 weeks, it 

takes 7 weeks to reach 2000 per day. Starting at 10 cases per day, even after 11 weeks case counts 

increase to 500 per day.  

 

 

Figure 3: SEIR model projections of the number of new cases per day over an 11-week period where effective reproduction 
number increases on day 0 to 1.6 from baseline case numbers of 10 per day (pale blue, similar to conditions in late June 
2020), 200 per day (medium blue, similar to early December 2020) and 600 per day (dark blue). There is no vaccination 
programme in this model. 

 

The dominance of the B.1.1.7 variant means we have to recalibrate the relationship between levels 

of close social contact and effective reproduction number. The best estimates are that B.1.1.7 is 40-

90% more transmissible than the variants dominant in 2020. It is important to note that the full 

impact of B.1.1.7 has been experienced in Ireland only since the end of January 2021, and the very 

high levels of transmission seen in late December 2020 were primarily associated with other lineages 

(mainly the B.1.177 or ‘Spanish’ variant). Figure 4 shows that the prevalence of B.1.1.7 was low (less 

than 20%) until late December 2020, and less than 50% as case numbers peaked in early January 

2021.  There is a clear impact of B.1.1.7 becoming dominant in January 2021; as prevalence increases 

from 60% to 90%, it becomes more challenging to suppress transmission, and in mid-January the 

rate of decline of infection decreases, from from -7 to -10 % per day in early January, to -3 to -5% per 



day in subsequent weeks. The high reproduction numbers 1.8-2.5 measured in late December 2020 

were primarily associated with wild-type virus, not B.1.1.7. 

 

Figure 4: The timeline to dominance of the B.1.1.7 variant. Daily cases by specimen collection date (green) on a logarithmic 
scale so that constant rates of growth or decline appear as linear change. The prevalence of B.1.1.7, estimated by the 
proportion of samples with S-gene target failure (SGTF) is shown in grey, referred to the secondary y-axis.  B.1.1.7 
prevalence was <20% for the first half of the December-January wave, and was reaching 50% prevalence as the wave 
peaked.  It became significantly harder to suppress transmission at the end of January 2021, as B.1.1.7, increased from 60% 
to 90% prevalence, and this is detectable as a reduction in the rate of decline of case numbers, from -7 to -10 % per day up 
to 20 January 2021 to -3 to -5% per day in subsequent weeks. 

 

The impact of vaccination on risk 
We set out below an analysis of the likely impact of the vaccination programme on levels of infection 

and severity of disease. Vaccination will significantly and quickly reduce risk over a short period of 

time from May 2021 to August 2021. It will first radically reduce mortality when those over 70 are 

fully protected, but will have a smaller effect on demand for hospital and critical care until the wider 

population is progressively protected. This is due to the relationship between age and risk (see 

Figure 5). While the risk of dying is low for those under 65 years old, the risk of hospitalisation and 

admission to ICU remains significant in younger age groups; therefore, the protection of those aged 

70 and over through vaccination will greatly reduce mortality, but will have a lesser effect on 

numbers hospitalized and admitted to ICU.  When we consider hospitalisation and fatality rates in an 

unprotected population, with the age mix of cases associated with the most recent wave of disease, 

we estimate, per 1000 cases, approximately: 

• 50 hospitalisations; 

• 5 admissions to ICU; and 

• 11 deaths. 



 

If we assume that vaccination offers those aged 70 and older 100% protection against severe 

disease, then for every 1000 cases in those aged under 70 we would expect approximately: 

• 30 hospitalisations; 

• 4 admissions to ICU; and 

• 2 deaths. 

It is important to note that the subsequent phases of the vaccination programme, as they protect 

other older adults before younger cohorts, should quickly further suppress the numbers of severe 

infections, that is, the proportion of cases hospitalized will fall, and the number of cases hospitalized 

will fall faster than the total number of infections and cases as vaccination continues. 

 

Figure 5: The age-stratified risk of hospitalisation, ICU admission, and death per 1000 cases for each of the three waves of 
disease. The hospitalisation and fatality rates are apparently higher for the first wave of disease, but this is due to testing 
constraints meaning that milder cases were not detected. While the risk of dying is low for those under 65 years old, the risk 
of hospitalisation and admission to ICU is significant.  Data are the mean (95% credible interval) risk per 1000 cases for 
cases notified 29 Feb 2020 - 1 Aug 2020, 2 Aug 2020 - 28 Nov 2020, and 29 Nov 2020 - 1 Mar 2021. 

The average length of stay in hospital, either for general beds or critical care, has not changed 

significantly over the course of the pandemic (see Figure 6 and Figure 7). 

 

Figure 6: Average length of stay for general hospital care by age and pandemic period 



 

Figure 7: Critical care average length of stay by age and pandemic period 

Reproduction number: the effect of variants and immunity 
When comparing the risks of levels of social mixing now and over the coming months with those 

which applied in 2020, we need to take into account not just the increased transmissibility of the 

B.1.1.7 variant, but also changing levels of immunity in the population. The very large numbers of 

infections which have occurred over three waves of disease, perhaps half a million, will have 

conferred some level of immunity, and now an increasing proportion of the population protected by 

vaccination. We are currently assuming that 15% of the population are no longer susceptible to 

infection. The effective reproduction number changes pro-rata to the level of immunity in the 

population. If we have the same level of close social contact, and the transmissibility of the virus is 

constant, if half the population becomes immune, the opportunities for the virus to transmit are 

halved, and the effective reproduction number is half that which would be observed if there were no 

immunity in the population. 

These considerations, taken together, mean there is a different relationship between close social 

contact, viral transmission and effective reproduction number now compared to that which applied 

throughout 2020, and this relationship will change further over the coming months as vaccination 

further reduces risk. 

The changing relationship between close social contact and effective reproduction number is 

illustrated in Figure 8. The current effective reproduction number, as estimated on 24 March 2021 is 

in the range 1.0 to 1.3. The higher transmissibility of the B.1.1.7 variant is forcing this parameter 

upwards, and the level of immunity in the population is starting to force it downwards. If there was 

no prior immunity in the population, we would be have an effective reproduction number in the 

range 1.2 – 1.5. If we did not have B.1.1.7 dominant, and were dealing with the variants circulating in 

2020, for the current level of close social contact we would probably have an effective reproduction 

number in the range 0.8-0.9. 



 

Figure 8: An illustration of the effect of the B.1.1.7 variant and changing population immunity on reproduction number.  It 
shows the range of estimated reproduction numbers for a given level of close social contact with wild-type virus in 2020 
(blue, Rw); the extent to which reproduction number would be increased by replacing wild-type virus with B.1.1.7 at 90% 
prevalence (grey, Rv); and the effective reproduction number that would be observed if 15% of the population were 
immune. The level of population immunity was negligibly low in 2020, so that the observed effective reproduction number 
depended only upon the level of close social contact and the transmissibility of the virus. For example, the level of close 
social contact in August and September 2020 was associated with an observed reproduction number for wild-type virus 
(Rw) of 1.2 to 1.4. The same level of contact with 90% B.1.1.7 would give reproduction number with the variant (Rv) of 1.5 – 
2.4, and with 15% of the population immune, the observed effective reproduction number would be in the range 1.3 to 2.0.   

Modelling the effect of vaccination 
It is important to note that the reproduction number used to specify model runs is a transmissibility 

parameter: it is the number of secondary cases that would be infected by a single but typical primary 

case in a naïve population with no prior immunity. This is because the level of immunity in the 

population and the impact of vaccination are accounted for by other parameters and processes in 

the models, and will change over time. We describe this reproduction number as the naïve 

reproduction number (Rn). It is determined by the level of social contact, the effectiveness of 

measures to reduce the risk of transmission during that social contact, and the transmissibility of the 

virus. If the population also has some immunity the effective reproduction number (Reff) as measured 

in the population will be lower, as the immune members of the population will slow transmission of 

the virus. In the models presented below, Reff is changing over time as more and more of the 

population becomes immune. When specifying model scenarios, for clarity, we present the naïve 

reproduction number (Rn) used as the transmissibility parameter in the model, and the effective 

reproduction number (Reff) this corresponds to in late March - early April 2021 with 15% of the 

population immune. 

We assume the vaccination programme will continue according to the current supply schedule.  The 

time course over which vaccination becomes effective, and the ultimate effectiveness of vaccination 

in preventing infection and severe disease, varies for different vaccines and dosage regimens, with 

some protection developing after 21 days, which then increases over time, and is boosted by a 

second dose. There is good evidence from clinical trials for vaccine efficacy in preventing infection in 

the range 75%-95%, and data is emerging that vaccination may offer additional protection in the 

prevention of severe disease. We have, for modelling purposes only, made the simplifying 

assumptions that on average vaccination offers 85% protection against infection 28 days after the 

first dose is administered and remains constant thereafter, that vaccine uptake is between 80% and 

90%, (increasing with age) and that the age-related risk of severe disease is the same for infections 

in vaccinated and unvaccinated populations. It is not yet clear the extent to which vaccination 

reduces transmission, so this parameter is allowed vary over a wide range. 



The models show that vaccination will have, over the coming 12 weeks, a very large effect on 

infection and case numbers.  

 

Figure 9: The effect of vaccination on disease trajectories over the coming weeks. Scenarios are shown for model naïve 
reproduction numbers (Rn) of 1.4 (left panel, corresponding to an effective reproduction number, Reff, of 1.2) which 
corresponds to current estimates of transmission levels, and a small increase in transmission (right panel, model naïve 
reproduction number 1.2, effective reproduction number of 1.4).  The darker lines are scenarios without vaccination, the 
pale lines with vaccination. The scenarios without vaccination show 2000-4000 cases by the end of May 2021.  Vaccination 
attenuates these trajectories, and by late May starts to suppress transmission, assuming a constant level of public health 
restrictions. 

We have explored the possible interaction between increased levels of social mixing over the coming 

months with increasing protection afforded by vaccination.  The conclusion is that there is a critical 

window over the next 8 weeks where any significant increase in indoor social mixing is likely to lead 

to a significant additional wave in the range of that experienced in October 2020 or January 2021. 

Conversely, delaying any increase in close social contact for 4-8 weeks significantly reduces the risk 

profile. 

Currently, effective reproduction number (Reff)  is estimated at 1.0 -1.3, corresponding to a model 

naïve reproduction number (Rn) of  1.2-1.5. Full school reopening and even modest additional close 

social contact is likely to push this to or beyond the upper limit.  Further reopening and 

interhousehold mixing, such as that which occurred in summer 2020 corresponds to an Rn in the 

range 1.5 – 2.4, and the level of close contact in December 2020 corresponds to an Rn in the region 

of 2.3 – 3.0. 

The following scenarios are examined: 

• Rn = 1.5 (Reff = 1.3) as the base conservative scenario; 

• Rn = 1.8 (Reff = 1.5) as a low additional indoor mixing scenario; 

• Rn = 2.3 (Reff = 2.0) as a moderate additional indoor mixing scenario. 

Figure 10 and Figure 11 show these scenarios, with the effect of vaccination included, and an step 

change in close social contact from 5 April 2021, which is then maintained constant. It should be 

noted, in interpreting the resultant case numbers, that 117,746 cases were notified in the first 8 

weeks of 2021, and a constant 500 cases per day from April to July 2021 would correspond to 60,000 

cases. The base conservative scenario, with current or marginal increases in close social contact from 

5 April 2021 onwards, is associated with an additional 80,000 (credible interval 50,000-101,000 

cases) between 5 April 2021 and 30 September 2021, while the low and moderate additional close 



contact scenarios are associated with an additional 199,000 (95,000-279,000 cases) and 578,000 

(credible interval 278,000-792,000 cases) respectively.  

 

Figure 10: Base conservative scenario, with current or marginal increases in close social contact from 5 April 2021 onwards. 
Vaccination starts to suppress transmission from end-May 2021. The scenario is associated with an additional 80,000 
(credible interval 50,000-101,000 cases) between 5 April 2021 and 30 September 2021. Homogeneous population SEIR 
model scenario estimates of new cases per day; credible intervals generated from 1000 runs of the model with different 
assumptions.  The solid line is the ensemble average of all runs, dark ribbon the interquartile range, and the light ribbon the 
2.5 and 97.5 percentiles. The effect of vaccination included according to current vaccination plan, with average vaccine 
effectiveness assumed to be 85% 28 days from first dose and uptake 80-90%. Rn is a transmissibility parameter and 
corresponds to the effective reproduction number with no effective immunity in the population due to prior infection or 
vaccination. 

 

 

Figure 11: Low additional close contact (B) and moderate additional close contact (C) scenarios, with increases in close 
social contact from 5 April 2021 onwards, remaining constant thereafter. These scenarios are associated with an additional 
199,000 (credible interval 95,000-279,000 cases) and 578,000 (credible interval 278,000-792,000 cases) between 5 April 
2021 and 30 September 2021. See Figure 10 for further information on model assumptions. 

If any increase in social contact is delayed, the projected case numbers and risk are significantly 

lower. Figure 12 and Figure 13 show the effect of delaying the increase in close contact by 4 weeks 



(to 3 May 2021) and 8 weeks (to 31 May 2021).  The effect of these delays is significant, with the 

projected cumulative case numbers being reduced by 25% (4-week delay) to 50% (8-week delay) for 

the low additional social mixing scenario. The effect of delay is greater if the anticipated increase in 

social mixing is greater, so that in the medium additional social contact scenario, a 4-week delay 

decreases projected cumulative case numbers by 50%, and an 8-week delay by 70%. 

 

 

Figure 12: Low additional close contact scenario, where the increase in close social contact is from 5 April 2021 onwards (B) 
or is delayed by 4 weeks until 3 May (B1) or 8 weeks until 31 May (B2) and the base conservative scenario applies in the 
interim. These delays reduce risk by 25% and 50% respectively. See Figure 10 for further information on model assumptions.  

 

 

Figure 13: Medium additional close contact scenario, where the increase in close social contact is from 5 April 2021 onwards 
(C) or is delayed by 4 weeks until 3 May (C1) or 8 weeks until 31 May (C2) and the base conservative scenario applies in the 
interim. These delays reduce risk by 50% and 70% respectively. See Figure 10 for further information on model assumptions.  

The healthcare demand model also shows the anticipated effect of vaccination and the reduction in 

risk associated with a delay in increased close contact.  

Figure 14 shows the projected numbers of people requiring general hospital and critical care over 

time under the three model scenarios. The vaccination programme will protect more older adults 

aged 55-70 years, and vulnerable adults, before younger adults are vaccinated, and thus will reduce 

hospitalisations more rapidly than it will reduce numbers of infections and cases. 

The conservative scenario even though it is associated with a modest increase in case numbers, 

results in minimal additional demand on healthcare services. The low additional indoor mixing 

scenario gives a peak in demand similar to the October 2020 wave (though sustained for a longer 

period of time), and the moderate additional indoor mixing scenario gives a peak in demand similar 

to the January 2021 surge (though, again, for a longer time). Table 1 shows the total projected 

admissions to hospital under each scenario. 



 

Figure 14: The number of people requiring care in acute hospital (left panel, numbers in general hospital beds, right panel, 
those requiring critical care, including intensive care and advanced respiratory support) for base conservative (Rn = 1.5), low 
additional close contact (Rn = 1.8) and medium additional close contact (Rn = 2.3) scenarios. The total number of people in 
hospital is the sum of those requiring general hospital and those requiring critical care. Data from ESRI CHUP model. 

Table 1: Total admissions to hospital for the period August 2020 – November 2020, December 2020 – March 2021 and 
scenario projections for April 2021 – September 2021 under conservative, low additional mixing and medium additional 
mixing scenarios from 5 April 2021 

 

A delay in any increase in social mixing also greatly reduces the risk of severe disease and the 

projected demand for hospital care. Figure 15 and Figure 16 show the effect of delay on projected 

numbers requiring general hospital and critical care for low and medium additional close contact 

scenarios; Table 2 and Table 3 show the total projected admissions to hospital and admissions by 

month.  A delay of 4 weeks reduces any surge in healthcare demand, and a delay of 8 weeks almost 

eliminates any surge, because the majority of vulnerable adults are protected by vaccination.    

 



 

Figure 15: The number of people projected to need acute general hospital care (left panel) and critical care including 
advanced respiratory support (right panel) for low additional close contact (Rn = 1.8) from 5 April 2021 (solid line), delayed 
by 4 weeks (dashed line), and delayed by 8 weeks (dotted line). Data from ESRI CHUP model. 

 

 

Figure 16: The number of people projected to need acute general hospital care (left panel) and critical care including 
advanced respiratory support (right panel) for medium additional close contact (Rn = 2.3) from 5 April 2021 (solid line), 
delayed by 4 weeks (dashed line), and delayed by 8 weeks (dotted line). Data from ESRI CHUP model. 

 



Table 2: Scenario projections of total admissions to hospital for the period April 2021 – September 2021 under conservative, 
low additional mixing and medium additional mixing scenarios from 5 April 2021, showing the effect of 4-week and 8-week 
delays in any increase in close contact or social mixing.  

 

 

Table 3: Cases admitted to hospital each month for the period August 2020 – 23 March 2021 and scenario projections of 
admissions per month for April 2021 – September 2021 under conservative, low additional mixing and medium additional 
mixing scenarios from 5 April 2021.  The admissions to date are assigned to a month based on the date the case was 
notified, not the date of admission. 

 

 

Conclusion 
The current epidemiological position is precarious for two reasons. First, incidence is very high, twice 

that in early December 2020 and 50 times that in late June 2020, so that case numbers and 

hospitalisations will grow very quickly if reproduction number exceeds 1.0. Second, the dominance 

of the more transmissible B.1.1.7 variant means that, for similar levels of close social contact, viral 

transmissions and effective reproduction number (Reff) will be 30%-70% greater than in 2020. 

However, vaccination will significantly and quickly reduce risk over a short period of time from May 

2021 to August 2021. It will radically reduce mortality when those over 70 are fully vaccinated, but 



will have a smaller effect on hospitalisation and critical care until the wider adult population, 

especially vulnerable adults and those aged 50-69, are protected by vaccination. 

There is a critical window over the next 8 weeks where any significant increase in indoor social 

mixing is likely to lead to a significant additional wave in the range of that experienced in October 

2020 or January 2021. Equally, a delay of 4-8 weeks significantly reduces the risk profile.    

It should be noted that in all the scenarios above vaccination is associated with continuing controls 

on viral transmission through non-pharmaceutical interventions (reduced contacts, physical 

distancing, face coverings, hygiene and ventilation) and such measures will need to remain in place 

in some form unless and until herd immunity is achieved through vaccination. 

oOo 

 


