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ABSTRACT 

The prognostic estimation for the human infectious diseases is frequently impracticable albeit important for both the patients and the health 
system management. Here we discuss the experimental available data showing a robust association between the inoculum size and the 
severity of diseases caused by protozoan, bacteria and virus. This association may have important repercussions on the understanding of the 
clinical evolution of patients as well as on the preventive strategies against infectious diseases. 
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INTRODUCTION 

The prognostic estimation for the human infectious diseases 
is complex and frequently impracticable albeit important for 
both the patients and the health system management. This 
has become even more evident during the current pandemic 
of COVID-19, in which the unpredictability of which 
patients will develop the severe forms of the disease 
jeopardizes the decision making about the provision of 
appropriate intensive care for all of them. Apart from the 
known risk factors (such as advanced age, obesity and 
coexisting diseases), there is a general lack of understanding 
on the causes for the high variability of the clinical evolution 
among the patients with infectious diseases. 

It is axiomatic that the prognosis of a given infectious 
disease depends on the balance between the host 
susceptibility and the aggressor infectivity. This, in turn, is 
known to depend on its inoculum, virulence and resistance 
against treatments. Among these variables, the size and route 
of the inoculum seem to be the less known factors in terms 
of their relevance for the clinical evolution because data 
collection on the patients during acute infection is difficult. 

Regarding the COVID-19, it has been observed, as in other 
viral diseases, that there is an independent relationship 
between high viral load and mortality [1]. Viral load is a 
measure of the number of viral particles present in an 
individual. However, it is only an indirect indication of the 
inoculum size because the variable time elapsed since the 
infection and the host immunity can both influence the viral 
load that is detected at a specific moment.  

In fact, the actual role played by the inoculum characteristics 
is poorly known in its clinical aspects. On the other hand, 

there is robust evidence brought from experimental studies 
where the inoculum dose is known. In fact, apart from some 
few contradictory findings, most of the animal models for 
infections clearly correlated the characteristics of the 
inoculum with the clinical outcomes, including survivability. 
Theoretically even well functioning host defense 
mechanisms can become insufficient if an overwhelming 
load of infectious aggressors overcomes the immune 
defenses, causing massive tissue damage before the specific 
immunity has time to combat it. Another possibility is that a 
high initial load of an infectious agent may trigger 
uncontrolled defense responses due to the failure of the 
mechanisms that modulate the inflammatory reaction, also 
causing severe tissue damage. So, in both cases, the load of 
infectious agents that initially infects the host may influence 
the clinical outcome, either by a direct extensive initial 
damage and/or by the induction of excessive immune 
response. 

Studies on the repercussions of the inoculum size have been 
performed in a variety of infectious agents. In general, there 
is a similar pattern for different infectious agents (protozoa, 
bacteria and virus). Various studies show that the lower  
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inoculum produced lower tissue damages, while the higher 
inoculum produced high levels of tissue damages, as well as 
inflammatory infiltrates and cytokines production. In 
sequence, some selected studies relating the inoculum with 
the clinical outcomes are presented and briefly discussed. 
They were chosen considering their quality and clear 
description of methodology. 

PROTOZOAN INFECTIONS 

In general, there are few studies detailing the relationship 
between the inoculum characteristics with the evolution of 
diseases caused by protozoa. The colonic alterations 
experimentally caused by Toxoplasma gondii are more 
significant when the infection is induced by larger inocula 
[2]. In experimental infection with the protozoa 
Trypanosoma cruzi it has become clear that the higher the 
number of parasites in the inoculum, the lower were the 
survival rates. Furthermore, the size of the parasite inoculum 
determined the cytokine interplay, the inflammatory 
infiltrate and the tissue damage [3]. In relation to malaria the 
literature is not unanimous. A systematic review has shown 
that the dose was inversely related to prepatent and 
incubation period, while some studies suggested a relation 
between dose and severity of the disease, but others did not 
[4]. Recently it has been reported that the malaria infection 
likelihood correlates with mosquito sporozoite load [5], but 
the relationship between this load and the clinical outcomes 
remains unclear. Perhaps the remarkable rate of parasites 
proliferation inside the mammal organisms may minimize 
the role of the inoculum size on the severity of malaria. 

BACTERIAL INFECTIONS 

Regarding bacterial infections there are more reports in the 
literature relating the severity of the diseases with the initial 
load of microorganisms. For example, in rabbits inoculated 
with pneumococci, the inoculum size was observed as to be 
the most important single variable affecting outcome [6]. 
Also, a direct relation between the inoculum dose and the 
development of pneumonia was observed in rabbits end 
bronchially inoculated with increasing doses of 
Streptococcus pneumoniae [7]. Recently the ability of the 
rabbit immunity to control pulmonary Mycobacterium 
tuberculosis infection has been found to be directly 
dependent on the infectious inoculum [8]. The Induction of 
sepsis arthritis by streptococcus was directly dependent on 
the number microorganisms inoculated in mice [9]. 
Experimental infections by the 
Methicillin‐Resistant Staphylococcus aureus has been 
recently reported to have had the clinical outcome 
(hemodynamic changes, lymphopenia, macrocytic anemia 
and thrombocytopenia) greatly influenced by the dose of 
inoculum and route of infection, as the orally infected 
animals showed the most severe presentation [10]. 

VIRAL INFECTIONS 

A number of articles reported the relationship between the 
load of virus infections and disease outcome [11]. Mice 
infected in their eyes with herpes simplex virus type 1 had 
increased disease incidence with the increasing of the 
inoculum [12]. Furthermore, mice readily recovered 
following infection with an infectious dose of influenza A 
virus that was fatal when inoculated in higher volumes [13]. 
It has been observed that the size of the inoculum 
contributes to the outcome of hepatitis B virus infection by 
altering the balance between the kinetics and magnitude of 
infection versus the kinetics and magnitude of the immune 
response [14]. More recently, it has been reported that the 
inoculating volume of influenza virus is critical for the lungs 
of mice to be damaged [15]. In cats infected with feline 
immunodeficiency virus the infectious dose determines the 
disease onset [16] and the early kinetics of viremia and 
initial CD8+ T-cell activation [17]. A recent article shows 
that hamsters with surgical masks had milder manifestations 
of infections by SARS-CoV-2 [18]. 

Finally, it has been observed that not only the size of the 
virus load, but the route of its inoculum has also been related 
to the disease outcome: the aerosol exposure resulted in 
more efficient influenza replication in the respiratory tracts 
than the oral inoculation in chickens [19]. This sheds light 
on the importance of maintaining air quality in indoor spaces 
for avoiding more severe contaminations. 

FINAL REMARKS 

From the above discussion, it seems clear that the inoculum 
characteristics (size and route) do influence the clinical 
evolution and the severity of infectious diseases in 
experimental settings. Consequently, it is a crucial factor for 
the prognostic establishment at an individual level. These 
observations cannot be directly applied to humans, but they 
are strong indicators that the initial infectious load should be 
viewed more carefully in medical terms. This is supported 
by an epidemiological retrospective study regarding the 
1918 influenza pandemic which showed the increase on the 
proportion of infectious persons as a proxy for the increase 
of the infectious dose and severity of the disease to which a 
susceptible person is exposed [20]. A recent opinion article 
also shares the point of view that the severity of the COVID-
19 could be related to the initial load of exposure and the 
health care workers are particularly vulnerable since they 
“can be exposed more often to the virus due to numerous 
infected individual exposures” [21]. 

Whether the inoculum is accepted as a relevant player in 
clinical terms, it brings, as an unfoldment, its importance at a 
public health perspective as well. In practical terms, it is not 
only a question of getting or not infected, but a strategy for 
“reducing-the-size-of-inoculum-as-much-as-possible” 
should be taken into consideration. This point of view is 
corroborated by a recent publication that defends a 
hypothesis that the universal use of masks “reduces the 
inoculum of the COVID-19 virus for the mask wearer, 



SciTech Central Inc. 

J Infect Dis Res (JIDR) 171 

J Infect Dis Res, 4(1): 169-172             Garcia SB 

leading to more mild and asymptomatic infection 
manifestations” [22]. 

In summary, the preventive approach against infectious 
diseases should not only be directed towards avoiding any 
contagion of an infectious agent. It must also aim to reduce 
the infectious load as much as possible, as a mitigation 
damage approach. As a beneficial consequence, such 
approach could also favour the morale and motivation of the 
public in general, which is a major factor contributing to the 
overall success of any preventive strategy. From a practical 
point of view, it is intuitive the implicit difficulty to achieve 
an absolute prevention (a zero rate of contagion) in daily 
life, as it is sought in a surgical center, for example. This 
perception sometimes discourages part of the population to 
engage in the efforts to reduce the infectious spread, such as 
enduring social isolation and individual hygiene procedures. 
Some people may become discouraged when they think it is 
not worth the effort to avoid a contagion, since they believe 
that sooner or later it will be inevitable. But, considering that 
there would be major advantages if the inoculum could be as 
small as possible, there would be more motivation in general 
to keep the preventive efforts. 

The acceptance of the importance of the initial infectious 
load as a relevant player in disease outcomes would also 
demand from the public health authorities a clearer strategy 
to reducing it. For example, the planning and 
implementation of more efficient air cleaning systems in 
crowded indoor spaces would become urgent. 

As a final comment it may be interesting to mention that the 
reasoning about the size of the inoculum influencing the 
severity of an individual infectious disease shares 
resemblances with the evolution of one disease in a 
population. That is, a high initial load of the aggressor agent 
may overcome the individual immune defenses, similarly as 
a high spread rate of the agent in the population may 
overcome the health system due to the lack of available time 
for it to adapt to the situation. In consequence the risk of 
death will be increased in both cases, at individual or 
population levels. 

In conclusion, even if the relationship between the initial 
infectious load and the clinical outcomes cannot be 
definitively established in humans at this moment, the strong 
possibility that it does exist justifies further studies on this 
issue. Moreover, it also justifies that more efforts to reduce it 
as much as possible should be done, as a precautionary 
attitude towards increasing the chances of survival for 
everyone, with emphasis on the current pandemic of 
COVID-19. 

REFERENCES 

1. Magleby R, Westblade LF, Trzebucki A, Simon MS,
Rajan M, et al. (2020) Impact of SARS-CoV-2 viral
load on risk of intubation and mortality among

hospitalized patients with corona virus disease 2019. 
Clin Infect Dis ciaa851. 

2. Ferezin RI, Vieira SLV, Góis MB, Araújo EJA, de Melo
GAN, et al. (2017) Different inoculum loads of
Toxoplasma gondii induce reduction of myenteric
neurons of the rat colon. Rev Bras Parasitol Vet 26: 47-
49.

3. Borges DC, Araújo NM, Cardoso CR, Chica JEL (2013)
Different parasite inocula determine the modulation of
the immune response and outcome of
experimental Trypanosoma cruzi infection.
Immunology 138: 145-148.

4. Glynn JR (1994) Infecting dose and severity of malaria:
A literature review of induced malaria. J Trop Med and
Hygiene 97: 300-316.

5. Aleshnick M, Ganusov VV, Nasir G, Yenokyan G,
Sinnis P (2020) Experimental determination of the force
of malaria infection reveals a non-linear relationship to
mosquito sporozoite loads PLoSPathog 16:  e1008181.

6. Giampaolo C, Scheld M, Boyd J, Savory J, Sande M, et
al. (1981) Leukocyte and bacterial interrelationships in
experimental meningitis. Ann Neurol 9: 328-333.

7. Yershov AL, Jordan BS, Guymon CH, Dubick MA
(2005) Relationship between the inoculum dose of
Streptococcus pneumoniae and pneumonia onset in a
rabbit model. Eur Respir J 25: 693‐700.

8. Tsenova L, Fallows D, Kolloli A, Singh P, O'Brien P, et
al. (2020) Inoculum size and traits of the infecting
clinical strain define the protection level
against Mycobacterium tuberculosis infection in a rabbit
model. Eur J Immunol 50(6).

9. Tissi L, Marconi P, Mosci P, Merletti L, Cornacchione
P, et al. (1990) Experimental model of type IV
Streptococcus agalactiae (group B streptococcus)
infection in mice with early development of septic
arthritis. Infect Immun 58: 3093-3100.

10. Pilau NN, Sani Y, Aliyu MA, Ibrahim L, Ajayi V
(2019) Inoculum and route variation as determinants of
fatality outcome and metabolomic fingerprints in local
strain of methicillin‐resistant staphylococcus
aureus (MRSA) infection. FASEB J 33: 649-651.

11. Moore IN, Lamirande EW, Paskel M, Donahue D,
Kenney H, et al. (2014) Severity of clinical disease and
pathology in ferrets experimentally infected with
influenza viruses is influenced by inoculum volume. J
Virol 88: 13879-13891.

12. Kintner RL, Brandt CR (1995) the effect of viral
inoculum level and host age on disease incidence,
disease severity, and mortality in a murine model of
ocular HSV-1 infection. Current Eye Res 14: 145-152.



SciTech Central Inc. 

J Infect Dis Res (JIDR) 172 

J Infect Dis Res, 4(1): 169-172             Garcia SB 

13. Miller DS, Kok T, Li P (2013) The virus inoculum
volume influences outcome of influenza A infection in
mice. Laboratory Animals 47: 74-77.

14. Asabe S, Wieland SF, Chattopadhyay PK, Roederer
M, Engle RE, et al. (2009) The size of the viral
inoculum contributes to the outcome of hepatitis B virus
infection. J Virol 83: 9652-9659.

15. Smith CA, Kulkarni U, Chen J, Goldstein DR (2019)
Influenza virus inoculum volume is critical to elucidate
age-dependent mortality in mice. Aging Cell 18: e12893

16. Hokanson RM, TerWee J, Choi IS, Coates J, Dean H
(2000) Dose response studies of acute feline
immunodeficiency virus PPR strain infection in cats.
Vet Microbiol 76: 311–327.

17. Roche S, El Garch H, Brunet S, Poulet H, Iwaz J, et al.
(2013) Diversity of trends of viremia and T-cell markers
in experimental acute feline immunodeficiency virus
infection. PLoS One 8: e56135.

18. Chan JF, Yuan S, Zhang AJ, Poon VK, Chan CC, et al.
(2020) Surgical mask partition reduces the risk of non-
contact transmission in a golden Syrian hamster model
for Corona virus Disease 2019 (COVID-19). Clin Infect
Dis ciaa644.

19. Jegede A, Fu Q, Berhane Y, Lin M, Kumar A, et al.
(2018) H9N2 avian influenza virus retained low
pathogenicity after serial passage in chickens. Can J Vet
Res 82: 131-138.

20. Paulo AC, Neves MC, Domingos T, Murta AG,
Pedrosa J (2010) Influenza infectious dose may explain
the high mortality of the second and third wave of
1918–1919 influenza pandemic. PLOS ONE 5(7):
e11655.

21. Heneghan C, Brassey J, Jefferson T (2020) Centre for
Evidence-Based Medicine. Evidence-Covid.id/viral
load.

22. Gandhi M, Beyrer C, Goosby E (2020) Masks do more
than protect others during COVID-19: reducing the
inoculum of SARS-CoV-2 to protect the wearer. J Gen
Intern Med 35(10): 3063-3066.


