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The COVID-19 emergency has produced an enormous strain on healthcare systems across the world at different
levels [1,2]. This is especially true for hospitals, which are admitting an increasing number of highly infectious
patients and facing an unknown illness. Laboratories experienced a sudden change in the demand for tests: the
treatment of COVID-19 has required tests that were not frequently requested as routine tests (such as ferritin,
D-dimer and other coagulation tests) by hospital physicians, while fear of contagion has reduced demand for other
tests (especially for chronic diseases such as diabetes, cancer and autoimmune diseases) because a considerable
number of patients did not undergo their usual control. As a consequence, different tests (oncological markers,
autoimmunity markers, see [1]) were not requested and reagents expired, creating economic and ecological costs.

The change in the demand for test has required a complete reorganization for big automated labs. A sudden
change in the distribution of reagents on the production lines [1,3–5] was in fact necessary to process the tests
requierd for COVID-19 patients.

Due to unfamiliarity with the ailment and the fear of missing complications, laboratory tests were used to diagnose
and gauge the severity of the patient’s condition because they are easy to perform and provide a quick response
without having to move highly infectious patients around (compared with imaging techniques). The laboratory
of Spedali Civili in Brescia, as with other laboratories across the world, organized ‘quick pick’ order screens and
standard admission templates to facilitate clinicians’ (recruited from different area or specialties) diagnosis and
follow-up of COVID-19 patients [1].

Thanks to the enormous literature on this topic, we can now say that for COVID-19, as for other medical
fields but exacerbated by the emergency of the pandemic, asking for less, but more appropriate, testing is more. As
Baird [6] wrote in his review: “if you ask a stupid question, you get a stupid answer”; we know that the chance of
having an abnormal result increases the more tests you take, and the economic and ecological cost of working up a
false positive result is always more than asking for fewer, more appropriate tests.

In the same review he referred to ‘wellness testing’. During the COVID-19 outbreak, an example of this would
be testing performed for patients with a simple influenza infection or with symptoms that in another time would
not be considered meritorious of laboratory diagnostic insight and that potentially represent the origin of a cascade
of further investigations.

One year into the crisis, although an effective treatment for COVID-19 is still not available, we have a
better understanding of which laboratory tests are appropriate in the diagnosis and the treatment of COVID-19
patients [5,7–9] and which do not add any information on patients’ health status [5,7,8,9]. For example, albumin
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testing and creatinine clearance were suggested for monitoring COVID-19 patients but are now considered not
appropriate to follow the evolution of the disease [5,7,8,9]. Once again, less is more.

Finally, at the onset of the pandemic event, several tests were repeated without respecting the correct inter-
val [10,11] and clinicians performed research without informing the head of the laboratory. This caused an over
utilization of tests that could have been better controlled if a closer collaboration were established. More collabo-
ration between different health professionals would have generated less waste of both time and money.

Ensuring that only appropriate laboratory tests are conducted bears several advantages from a medical and an
economic point of view. We argue that appropriateness has also an important impact on environmental costs, which
is perhaps more relevant than what one might think. In fact, inappropriate tests generate waste of reagents and
other lab material that must be disposed of. Most of this waste is hazardous and cannot be recycled so disposal is
costly, and usually the only return is heat if it is incinerated using waste-to-energy plants.

In this editorial we used data from the laboratory of Spedali Civili di Brescia (a hospital that, to date, has
accepted almost 3000 COVID-19 patients) to analyze the difference in terms of lab exams for treating patients
in the emergency period (when literature proposed very few articles about the use of biomarkers, evaluated on
small populations, no guidelines were approved and health workers were behaving following their ‘experiences’)
compared with what was recently suggested by the literature and the International Federation of Clinical Chemistry
(IFCC) guidelines [5,12]. To this purpose, we compared the cost of the routine tests presented in our previous work
(which was the appropriate routine for patients hospitalized at the onset of the pandemic) with the cost of the
routine test proposed by the IFCC [5] guidelines. This allowed us to determine the saving in the cost for each
routine performed. Although, it is nearly impossible to determine the actual cost of each laboratory test in terms of
labor, reagents and electricity, it is possible to make an estimate of the extra running costs that could be saved by
reducing laboratory tests to only those that are appropriate. For each laboratory test, it is possible to estimate its
approximate cost using the reimbursement price list and the additional costs in terms of the hazardous waste that
it produces.

Different tests used at the beginning of pandemic event, such as NT-proBNP, calcium, chlorine, cholesterol,
electrophoresis, GGT, glucose, IG’s, magnesium, potassium, phosphorus, sodium, birubilin, triglycerides, uric acid,
were not recommended anymore. If we compare the reimbursement cost of both routines, we estimate that the cost
could be cut by 32%, a percentage close to different examples that abound in the literature [6]. Less testing means
more money for the healthcare systems that have suffered worldwide.

We approximated the additional waste with two components – the test tubes and the reagents – by estimating
the quantity saved by reducing the number of tests. We weighed tests tubes used in the laboratory and the reagents.
We then estimated the weight of the waste produced by the routine suggested in [1] and we compared this with the
cost and waste produced by the routine suggested by IFCC, which most of the literature suggests to be appropriate
for treating COVID-19 patients. We estimated that waste could be reduced by 20% by implementing the new
routine.

A second source of saving derives from the appropriate interval between repeated tests. At the onset of the
pandemic, the routine of tests presented in [1] was repeated on each patient about every other day. The new
guidelines suggest a leaner routine to be performed every 3 days [4,5]. Since the average length of stay of a COVID
patient in our hospital is about 2 weeks [1], the number of appropriate routine batch tests has decreased from 7 to
5.

If we also take into account this reduction, savings increase to 52% for economic costs and to 43% for waste.With
the medical information we have at present, we would have been able to reduce lab waste by about 1.473 tons. In
fact, in spite of being few hundred grams per each batch of tests, the number of patients for whom these routines
have been performed sensibly increases the weight of waste. The carbon footprint of environmental waste depends
on the method of disposal and may vary between 21 and 65 kg CO2 equivalents per tonne when it is recycled to
1074 kg CO2 equivalents per tonne for high temperature incineration [13].

These results are partly due to the reduction in the number of laboratory tests in the appropriate routine and by
the fact that tests should be run less frequently; since the average length of stay of COVID-19 patients in hospital
is about 2 weeks [14], this makes a substantial difference. Of course, differences can be observed in laboratories that
use a different technology compared with the one used in Spedali Civili (Roche Diagnostics, Mannehim, Germany)
and different tubes (SarstedAG & Co. KG, Nümbrecht, Germany).

Appropriateness in healthcare is quite important from a medical point of view in order to reduce discomfort to
patients and medical errors. To this well-known picture, our analysis adds an important element which will become
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more important in the years to come. The reduction in inappropriate tests reduces waste in terms of reagents,
test tubes full of blood and containers of reagents that need to be discharged as hazardous waste. In the present
economic climate where healthcare costs are increasing and income is decreasing, it is essential to avoid waste of
financial resources that could be used to treat patients. Even if laboratory costs account only for about 4% of total
medical costs, 70% of clinical decisions depends on their results and they; therefore, play a substantial role in
driving other nonlaboratory costs [15].

Promoting appropriateness is a complex and neverending issue that is very difficult to achieve. This is particularly
true for this emergency where diagnostic uncertainty, fear of legal consequences, insufficient knowledge of labo-
ratory costs and human resource utilization, different levels of healthcare professionals’ training and ‘submerged
research’ were all factors in testing. COVID-19, and the need to react to patients’ needs in very uncertain environ-
ment, has shown once more the importance of appropriateness. We also think that laboratory professionals should
‘leave the door open’ to other rules by continuing the debate with clinicians to improve appropriate requesting
and utilization of laboratory tests as well as the integration of laboratory information with all other diagnostic
and clinical data. However, 1 year into this pandemic, we have more information on diagnosis and testing and we
should use it to reduce economic and environmental waste because less is more.
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