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‘I often say that when you can measure what you are speaking 
about, and express it in numbers, you know something about it; 
but when you cannot measure it, when you cannot express it in 
numbers, your knowledge is of a meagre and unsatisfactory kind.’ 
Lord Kelvin (1824–1907) 

There is an argument to be made that the only truly unifying language 
of our modern world lies in the ones and zeros of our pervasive digital 
universe, and it is in this ecosystem that the concept of big data resides. 
Yet remaining central to the utility we extract from the data we now 
collect by the terabyte is our ability to analyse, assess and prioritise – 
and importantly, the need to quantify. 

It has been nearly 30 years since Hiatt and Goldman [1], both professors 
of medicine at Harvard Medical School, published a commentary in the 
journal Nature titled ‘Making medicine more scientific’. The article 
was set against the broadly based view that, with increasing numbers of 
physicians having basic biology training as well as medical training, the 
era of scientific medicine had arrived. Hiatt and Goldman challenged 
this view, arguing that whilst some basic biological and molecular 
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sciences had been adopted, decision-making in medicine was still based 
on subjective grounds, and the evaluative clinical sciences – such as 
statistics, epidemiology, decision analysis, economics, cost 
effectiveness analysis and data sciences – had essentially been ignored. 
The consequences of this omission, they argued, were two-fold: first, 
population-based studies and research into diagnostic and therapeutic 
outcomes or impacts were essentially peripheral to medical academic 
research; and second, quantitative, efficacy and ethical considerations 
related to the individual patient were still neglected, if emerging, 
concepts. 

The following year, in the same journal, an article by Wain-Hobson [2] 
on advances in human immunodeficiency virus research remarked that 
the reported findings were the result of ‘biologists, in this case 
immunologists, teaming up with mathematicians’. The next week, 
Nature’s editorial built on this observation but commented that 
molecular biologists and virologists were specifically cited as lacking 
in quantitative regard and hinted at a much wider need. 

It is perhaps difficult to believe that at the end of the 20th century, one 
of the world’s leading scientific journals was alerting the community to 
the fact that both basic medical research and clinical medicine were 
quantitatively wanting. In terms of disease control, a field in which one 
might consider three levels of investigation, viz. the molecular, the 
patient and the population, two were found to be deficient with regard 
to Kelvin’s aforementioned assessment. 

At the scale of the population, in public health and epidemiology, 
numeracy has historically been strong, at least descriptively, and the 
concepts of modern epidemiology have a long and distinguished record. 
Whilst identifying risk factors for disease occurrence and defining 
statistical associations between exposures and disease were practices 
widely applied in the medical domain, mathematical modelling 
methods, in use for many years, were largely the preserve of the non-
clinical sector, particularly in micro and macro parasite biology, 
ecology and evolutionary biology. With rarely acknowledged roots in 
the work of Bailey [3], it was the contribution of a zoologist and a 
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physicist, Anderson and May [4], that was arguably responsible for 
bringing modelling approaches in infectious diseases to the wider 
medical and veterinary world. 

From another school, but equally distinguished, the modern 
epidemiologist would undoubtedly cite Popper [5] and Rothman et al. 
[6], amongst others, as key players in shaping the way in which 
quantitative approaches evolved and found application. In this school, 
causal inference, a statistical approach and a focus on bias, confounding 
and risk have laid the foundations for key investigations in both medical 
and veterinary domains. 

At the other end of the spectrum – the impact of data on evidence 
impacting the individual – the aforementioned Nature commentary was 
overshadowed by an article written by Guyatt et al. some two years 
earlier [7]. The need for a formal approach to the assessment of best 
current practice led to the establishment of modern evidence-based 
medicine (EBM), albeit acknowledging that the underlying principles 
are as old as medicine itself. But what is the evidence? How common 
are the diseases we treat, how effective are our diagnostic techniques, 
how good are our therapeutics, how successful are our interventions? 
These questions sit comfortably in an epidemiological text and it is clear 
that the practice of EBM relies on the theories and principles of 
epidemiology and biostatistics – and, above all, the need to quantify is 
again pivotal. Sackett et al. [8] proposed a hierarchy of evidence, 
subsequently modified by Yusuf et al. [9], that is required to address a 
four-step approach [10] to EBM, viz.: 

1) systematic reviews of multiple, randomised, blinded, placebo-
controlled trials designed to address specific clinical questions 

2) non-randomised clinical trials using historical controls 

3) uncontrolled case series 

4) expert opinion and/or extrapolated evidence from published 
research. 
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Although this hierarchy is not ubiquitously accepted, importantly, data 
in abundance and quantitative techniques are central to each evidence 
type. The veterinary world has followed suit [11]. 

Advancing the discussion with a range of 
perspectives 

Twenty years later, we have data in abundance and a proliferation of 
big data applications in medicine and veterinary medicine [12, 13, 14, 
15], where the scope of investigation embraces everything from 
meteorological and spatial data to that generated by whole genome 
sequencing and bioinformaticians. The collection of studies and 
reviews in this issue of the World Organisation for Animal Health 
(WOAH)’s Scientific and Technical Review, spawned by the creation 
of the WOAH Collaborating Centre for Risk Analysis and Modelling 
(a joint venture between the Royal Veterinary College and the Animal 
and Plant Health Agency in the United Kingdom), illustrates the when, 
why and how of the use of data and the application of quantitative 
techniques. The studies range from the macro (population) to the 
microbiological and molecular and, at each resolution, issues relating 
to data and the application of a quantitative approach are pivotal to 
sound scientific discourse and inference. 

The issue addresses several important features ranging from 
governance considerations to species-specific issues through to 
examples from several domains and, importantly, the relevance and 
leadership of WOAH in key aspects of data in surveillance, disease 
control and policy. With studies from the food animal sector and from 
wildlife species and companion animal programmes, spanning from 
whole genome sequencing to geographic information systems, and with 
statistical, mathematical, information and data sciences, there will be 
lessons to be learned from comparing and contrasting these many 
contributions. 

The real beauty of the approach in this issue is that it provides the 
essential ingredient for an investigation to become a coherent story: for 
all the studies published here, if the scientific motivation provides the 
plot, and biological observations are nouns and verbs, then the 
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quantitative elements are the adverbs, adjectives, pronouns and nuances 
of grammar that lead to accomplished and comprehensible prose. 

The studies are all examples of the pivotal place for data and 
quantification in animal health, and, while there are many less than 
complimentary ‘quantitative’ maxims that surface in the literature, 
ranging from the observation that ‘all models are wrong, but some are 
useful’ [16], through ‘errors associated with inadequate data are smaller 
than errors associated with no data’ (Babbage, 1792–1871), to ‘lies, 
damned lies and statistics’ (attributed to Mark Twain and Benjamin 
Disraeli), the reality is that whilst it is possible to make false or flawed 
inferences from data using quantitative techniques [17], it is much 
easier to draw inappropriate conclusions when such measures are not 
applied or when data are absent. 

The challenge ahead 

The next challenge for the sector will be in addressing the synthesis of 
data in a truly One Health context – how we, working in animal health, 
can ensure that our data can be efficiently combined with data from 
other sectors and organisations, such as the Food and Agriculture 
Organization of the United Nations and the World Health Organization 
[18], where the motivation for survey and collection may be different 
but where value and synergy lie in the intersectionality of datasets. One 
example is in addressing antimicrobial resistance [19] and the necessity 
to exploit multiple sources for real progress and to ensure we move 
forward with a data-focused, evidenced-based approach to decision-
making. But that will be for another issue of WOAH’s Review. 

Having made the case for data and quantification, there is an important 
footnote as, while they are necessary, they are not alone sufficient; a 
reductionist approach is equally abhorrent in conveying a complex 
scientific message. Words matter, too [20], as one hopes this collection 
of papers illustrates. 

__________ 
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