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Fractionation of COVID-19 vaccine doses could 
extend limited supplies and reduce mortality
To the Editor—COVID-19 continues 
to pose a major threat to public health. 
Public-health and social measures have 
been implemented to control transmission, 
but they are emergency measures that 
are difficult to sustain in the longer term. 

There are now 15 vaccines against COVID-
19 being used worldwide. However, 
shortages in the supply of vaccines have 
been a particular problem for low-income 
countries, which have collectively received 
only 0.2% of all vaccines delivered 

worldwide for approximately 10% of the 
world’s population. Fractionation of vaccine 
doses (Fig. 1) is a potential solution to 
this global shortage of vaccines that has 
not been given sufficient attention and 
consideration.
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In 2015, emergency vaccination against 
yellow fever was needed to mitigate 
epidemics in Angola and the Democratic 
Republic of Congo. However, there were 
limited supplies of the vaccine and there 
was a 6-month minimum manufacturing 
process1. The World Health Organization’s 
Strategic Advisory Group of Experts on 
Immunization reviewed evidence on the 
immunogenicity and safety of fractional 
dosing of vaccines against yellow fever and 
recommended dose fractionation down to 
one fifth of the standard dose2. This was put 
into practice in Angola and the Democratic 
Republic of Congo in 2016, with millions 
vaccinated with the fractional dose, and 
was subsequently put into practice in Brazil 
in 2017–2018 (ref. 3). Fractional dosing 
was predicted to substantially reduce 
population infection attack rates and save 
lives1. Vaccine-dose fractionation has also 
been recommended by the World Health 
Organization for inactivated poliovirus 
vaccines and meningococcal conjugate 
vaccines as an alternative mass-vaccination 
strategy, particularly when vaccine 
shortages occur during outbreaks in 
resource-limited locations.

Dose-finding studies indicate that 
fractional doses of mRNA vaccines could 
still elicit a robust immune response 
to COVID-192,3. In a non-randomized 
open-label phase 1/2 trial of the BNT162b2 
vaccine, doses as low as one third (10 μg) 
of the full dose produced antibody and 

cellular immune responses comparable to 
those achieved with the full dose of 30 μg 
(ref. 4). Specifically, the geometric mean 
titer of neutralizing antibodies 21 days 
after the second vaccine dose was 166 for 
the group that received 10 μg, almost the 
same as the geometric mean titer of 161 for 
the group that received 30 μg, and 63 days 
after the second dose, these titers were 181 
and 133, respectively4. For the mRNA-1273 
vaccine, a dose of 25 μg conferred geometric 
mean PRNT80 titers (the inverse of the 
concentration of serum needed to reduce 
the number of plaques by 80% in a plaque 
reduction neutralization test) of 340 at 14 
days after the second dose, compared with a 
value of 654 for the group that received the 
standard dose of 100 μg (ref. 5). According 
to the model proposed by Khoury et al.6, 
if vaccine efficacy at the full dose is 95%, a 
reduction in dose that led to as much as a 
halving in the post-vaccination geometric 
mean titer could still be in the range of 
85–90%. Although other components of 
the immune response may also contribute 
to efficacy, these dose-finding data are 
at least indicative of the potential for 
further exploration of fractionation as 
a dose-sparing strategy. Durability of 
responses after fractional doses should also 
be explored.

We are aware of only one trial reporting 
data on the clinical efficacy of a fractionated 
dosing strategy for COVID-19, which was 
a trial of the AZD1222 vaccine in the UK7. 

As part of a larger multicenter trial, Voysey 
et al. reported a vaccine efficacy of 90% 
(67–97%) among a subgroup of participants 
who were primed with a half dose instead 
of a full dose, followed by a full-dose boost 
after a median of 12 weeks7. Although only a 
small number of participants were included 
in this subgroup, the lower bound of 67% for 
the efficacy estimate is very reassuring.

Concerns about the evolution of 
vaccine resistance have been posited as 
a potential drawback of dose-sparing 
strategies. However, vaccines that provide 
protection against clinical disease seem to 
also reduce transmission, which indicates 
that expanding partial vaccination coverage 
could reduce the incidence of infection.  
As described in a recent paper, lower 
prevalence should slow, not accelerate,  
the emergence and spread of new 
SARS-CoV-2 variants8. Within-host 
dynamics are unlikely to overcome these 
population-level effects. In contrast to  
some chronic infections, such as infection 
with human immunodeficiency virus, 
infection with SARS-CoV-2 in healthy 
people does not readily select for variants 
that escape the immune system. Such 
rapid selection has been reported only in 
immunocompromised people, who might 
have better access to vaccines if doses were 
fractionated in the general population. One 
other potential concern about fractionation 
would relate to vaccine hesitancy, if 
fractionated doses were viewed as inferior. 
However, the strategy of delaying the 
second dose of the vaccine applied in the 
UK and elsewhere has been well accepted 
as a strategy for providing at least partial 
protection to a greater number of people8.

In conclusion, fractionated doses could 
provide a feasible solution that extends 
limited supplies of vaccines against  
COVID-19, which is a major challenge for 
low- and middle-income countries. We 
identified several ongoing dose-finding 
studies on the ClinicalTrials.gov website 
that will provide important evidence to 
support fractionation policies. Although 
most dose-finding studies focus on immune 
responses with relatively small sample 
sizes, larger trials to estimate the efficacy of 
fractionated doses would also be worthwhile. 
The mRNA vaccines may be particularly 
suited for fractionation because of their 
higher levels of efficacy relative to those 
other vaccine types, while the favorable 
clinical-trial results on fractionation of the 
first dose of AZD1222 should encourage 
further investigation7. Even though some 
locations are reaching higher levels of 
vaccine coverage, many parts of the world 
with low vaccination rates could benefit 
from fractionation if it were determined 
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Fig. 1 | rationale for dose fractionation to make more-effective use of limited supplies of vaccine 
antigen. a, solid line indicates a scenario in which there is a concave relationship between vaccine 
efficacy (vertical axis) and dosage (horizontal axis), whereby a fractionated dose (e.g., approximately 
half of a standard dose) could provide considerably more than half the effectiveness of the standard 
dose; the dashed diagonal line is included for reference. If the concave relationship holds, it indicates 
that providing half doses to a certain number of people could provide a greater level of population 
immunity than would providing standard doses to half as many people. For reference, the population 
immunity conferred by vaccination could be estimated via the vaccination coverage multiplied by 
vaccination effectiveness. b, Another scenario in which very low fractionated doses might not provide 
any clinical benefit, but fractionation would still provide population benefits above a certain threshold. 
Here, the solid line crosses the diagonal dashed line at doses approaching half a standard dose, and at 
the fractionated dose indicated (approximately half a standard dose), there would be an advantage for 
population immunity to use half doses.
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to be an advantageous strategy. Of course, 
vaccination rates are restricted not only by 
antigen supply but also by the availability 
of vaccinators and clinical supplies, such 
as syringes. Nevertheless, antigen supply 
remains the greatest restriction for vaccines 
against COVID-19, and strategies that 
make the most of available antigen supply 
would maximize the number of lives saved 
by vaccination. More generally, in future 
pandemics, researchers and clinicians 
involved in vaccine development should 
consider identifying the appropriate vaccine 
dosage that can save the most lives for a 
limited amount of antigen, rather than 
just a dosage that balances efficacy and 
reactogenicity for the individual person. ❐
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Has SARS-CoV-2 reached peak fitness?
To the Editor—For the first time in the 
history of medicine, the evolution of a virus 
can be observed ‘as it happens’. Throughout 
this, molecular tools of unprecedented 
accuracy are also assisting by providing 
an extraordinarily detailed picture of the 
interactions between the virus and the 
immune system of its human host.

In the initial period of the COVID-19 
pandemic, the coronavirus SARS-CoV-2 
used the plasticity of its genome to obvious 
advantage, increasing its transmissibility  
with the early appearance of the D614G 
mutation that led to a 20% increased 
infectiousness and that rapidly became the 
global dominant strain1. The next major 
jump in transmissibility appeared in late 
2020 with the B.1.1.7 variant, which had an 
approximate 50% increase in transmissibility 
beyond that of D614G2. The B.1.617.2 ‘India’ 
variant has recently become prominent 
in many countries, and although the 
magnitude is uncertain, it represents another 
incremental increase in contagiousness 
beyond that of D614G and possibly  
that of B.1.1.73.

In parallel, there has been evolution  
of variants with properties that allow  
them to evade the immune system.  
Thus far, the B.1.351 variant has been 
demonstrated to have the greatest ability to 
escape the immune system, although not  
at a level that has substantially diminished  
the protection provided by vaccines.  

The P.1 variant also has considerable ability  
to evade the immune response. Although 
the immunoevasion of D614G and  
B.1.1.7 is fairly modest, it appears 
that B.1.617.2 has some features that 
combine enhanced transmissibility and 
immunoevasion. Some of the recent 
enhancement in the ability to escape the 
immune system is ‘tagged’ to mutations that 
alter the N-terminal domain rather than the 
spike protein’s receptor-binding domain, 
where the early, functionally important 
alterations were prevalent3.

This progression of variants demonstrates 
the virus’s drive for heightened fitness,  
the natural selection of mutations and 
strains that make it more likely to find  
hosts and are further facilitated by 
sidestepping the immune response, even 
allowing repeat infections of people who 
previously had COVID-19. We emphasize, 
however, that enhanced transmissibility, 
rather than immunoevasion or greater 
lethality, would be considered the most 
potent path for the virus to become  
more fit and viable.

Indeed, more-fit variants can be expected 
to emerge over time (the occurrence 
of which will need to be monitored 
meticulously, as these pose a potential public 
health threat), but we believe that these 
will not continue to emerge indefinitely: 
nothing is infinite in nature, and eventually 
the virus will reach its form of ‘maximum 

transmission’. After then, new variants 
will provide no further advantage in 
infectivity. The virus will thus stabilize and 
this ‘final’ variant will prevail and become 
the dominant strain, experiencing only 
occasional, minimal variations.

By homology, we can imagine that  
the same took place when some very 
contagious RNA viruses (e.g., measles  
virus) spilled over in humans: in the early 
stages of the epidemic, the virus was 
probably unstable and less transmissible 
than it is now; then—once the most 
contagious phenotype was reached—the 
measles virus stabilized. We note that the 
inevitable outcome of this strategy for all 
RNA viruses that have developed high 
contagiousness (beyond measles virus,  
we could name, for instance, the viral  
agents that cause hepatitis A, poliomyelitis, 
mumps and rubella) is the lack of  
molecular structures that allow the virus 
to ‘dodge’ the immune response of the 
recovered host. Why is that? To make  
a long story short, by the time these viruses 
are attacked by the adaptive immunity of 
their new host, they have no immediate 
advantage in evading it, because they 
have probably already spread to another 
susceptible host, where replication and 
survival are ensured4.

Notably, the natural history of the 
SARS-CoV-2 virus–host interplay is now 
being deeply altered—an unprecedented 
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