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first 72 hours of ED attendance. An early admission PCT test result 
was available in 40% of patients, while ferritin and LDH levels were 
recorded in 42%–46% of cases. Testing rates were similar between 
patient survival groups.

In univariate analysis of the core laboratory panel compo-
nents, increased CRP, neutrophil:lymphocyte ratio, urea, creat-
inine or decrease in serum albumin were all strongly associated 
with risk of death. Within the extended panel, D-dimer, hs-Trop 
and PCT differed between survivors and non-survivors on 
univariate analysis (figure  2; online supplemental file S3). No 
extended panel members were associated with development of 
the composite outcome (online supplemental files S4, S5). Age 
was associated with several variables (online supplemental file 
S6), indicating it could confound the relationship between a test 
result and mortality.

Development of prognostic model based on core and extended 
laboratory admission test panels
We therefore used multivariate logistic regression to adjust for 
the role of age, while controlling for gender and WIMD, based 

on consistent identification of their contribution to outcomes in 
COVID-19 cohorts.21 25 Restricting to cases with complete data 
(n=130) across core and extended laboratory tests, we found an 
optimal combination of core test variables to be CRP, albumin, 
urea, neutrophil:lymphocyte ratio, creatinine, age, gender and 
WIMD (figure 3, online supplemental file S7). This gave a prog-
nostic AUC of 0.79 (95% CI 0.67 to 0.91) for 28-day mortality 
and 0.70 (95% CI 0.56 to 0.84) for the composite outcome.

We next assessed the discriminative value associated with 
inclusion of extended panel components within our multivar-
iate model, relative to this core test set (figure 3). Addition of 
D-dimer resulted in a marginal increase in mean AUC score to 
0.82, but this was not significantly different (95% CI 0.71 to 
0.85) to the performance of core testing alone. Concerning the 
composite outcome, addition of admission hs-Trop to the core 
panel resulted in the greatest AUC score: 0.72 (95% CI 0.60 
to 0.83), but again, this did not represent a significant increase 
in performance to the core panel alone (online supplemental 
file S8). Consideration of extended test components individu-
ally or in combination did not improve on this. To internally 

Figure 2  Laboratory test results according to survival outcome and grouped by gender. Box and swarm plots showing the initial laboratory 
test results from laboratory-confirmed patients with COVID-19, grouped by gender and 28-day mortality. Example variables considered from the 
components of the core laboratory test panel. *Indicates level of significance, assessed by Mann-Whitney U test with correction for multiple testing: 
*P<0.05, **p<0.01, ***p<0.005, ****p<0.001.
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validate these findings, we performed stratified cross-validation, 
observing convergence of training and validation curves, thus 
suggesting a low-risk of overfitting associated with these models 
(online supplemental file S9, S10). Assessing the calibration of 
these models across a range of performance metrics by varying 
the decision threshold (the probability at which a patient is 
predicted to either die or be admitted to intensive care), we 
found no significant benefit from addition of the extended rela-
tive to the core laboratory testing panel online supplemental file 
S11, S12). Adjusted ORs for the individual contribution of each 
variable to the prediction of 28-day mortality and composite 
outcome are presented in online supplemental file S13. For both 
outcomes, the additional variables included in the extended 
panel provide little influence over the predicted outcome.

Patterns of extended panel requesting during the first wave
Local cost estimates for NHS requesting the core laboratory panel 
totalled £16.44 per patient, with an additional £55.48 incurred 
for the extended set (online supplemental file S14). In order to 
contextualise testing beyond the cohort of community-acquired 
COVID-19, we constructed a run chart of test requesting within 
the first 72 hours of admission via ED and COVID-19 related 
admissions (figure 4). D-dimer and hs-Trop testing rates rose in 
line with COVID-19 admissions during March and April, with a 
1–2 week delay apparent for LDH, ferritin and PCT requesting. 
Strikingly, while COVID-19 admissions declined following the 
April peak, the intensity of extended biomarker panel requesting 
remained. Using January and June 2020 to represent requesting 

patterns before and after the first wave of COVID-19, mean 
monthly requesting increased by 29.7%, 224% and 588% for 
hs-Trop, ferritin and LDH, respectively. In contrast, recorded 
monthly ED attendance fell by 24.0% over this period. PCT and 
quantitative D-dimer were specifically introduced in response to 
the pandemic but still averaged >50 daily test requests within 
the early admission period during June. Across the evaluation 
period, over 6400 D-dimer and 5400 PCT requests were made, 
with an estimated service cost of £246 000.

DISCUSSION
To support the effective and efficient use of resources through 
evidence-based clinical practice, we conducted a service evalua-
tion determining the prognostic value associated with routinely 
performed laboratory investigation in 130 adults admitted with 
community acquired SARS-CoV-2 infection. By leveraging a 
bespoke electronic healthcare registry, we reveal an extended 
panel (including D-dimer, LDH, hs-Trop, ferritin and PCT) 
provided only limited additional prognostic information beyond 
that provided by components of the core panel (FBC, U&E, 
LFT and and CRP). Together, this directs refinement of the clin-
ical testing panel employed before and during future potential 
waves, underlining the relevance of this registry approach to 
support cost-utility of investigation pathways.

We identified five studies within the peer-reviewed and 
preprint literature concerning laboratory biomarker risk strat-
ification of adult COVID-19 admissions in the UK popula-
tion.4 17–20 The largest reported, an 8-point pragmatic risk score 

Figure 3  Prognostic performance of core and extended laboratory markers. Balanced accuracy (A), weighted F1 score (B), AUC score (C) and ROC 
curves (D) for models with sequential inclusion of extended biomarkers for prediction of 28-day mortality. AUC, area under the curve; LDH, lactate 
dehydrogenase; PCT, procalcitonin; ROC, receiver operating characteristic.
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developed by the International Severe Acute Respiratory and 
Emerging Infection Consortium (ISARIC), achieved a modest 
AUC performance score of 0.77 (95% CI 0.76 to 0.77) when 
predicting 28-day mortality.19 To date, only one UK study has 
considered the prognostic role of variables within our extended 
laboratory panel.18 In their prospective analysis of 155 patients, 
Arnold et al18 found conventional laboratory biomarkers such as 
CRP and neutrophil elevation offered limited prognostic perfor-
mance (with AUC scores of 0.52 and 0.54, respectively), while 
ferritin, PCT, hs-Trop and LDH performed with AUC scores 
of 0.65 to 0.71. It is important to note that within this study 
cohort, the incidence of clinical deterioration was low (overall 
mortality was only 4% vs 29% for our service evaluation), which 
may have limited the power of the study. This highlights regional 
variation in rates of hospitalisation and mortality and further 
motivated a locally led assessment of practice.

Consistent with the emerging COVID-19 literature, we 
observed an association between laboratory markers of acute 
phase inflammatory response (elevated neutrophil count, CRP, 
depressed lymphocytes and albumin), cardiac injury, activation 
of thrombosis and renal impairment with subsequent adverse 
outcome.6 21 26 We found a combination of CRP, albumin, urea, 
neutrophil:lymphocyte ratio and creatinine alongside simple 
demographics achieved an AUC of 0.79 (95% CI 0.67 to 0.91) 
when predicting 28-day mortality and 0.70 (95% CI 0.56 to 0.84) 
for the composite endpoint. Importantly, we found no evidence 
that use of this panel at admission significantly improved perfor-
mance for either outcome, consistent with international reports 
revealing limited value of admission and serial D-dimer testing 
with regard to prognostic yield.27 Addition of the extended 

laboratory test panel equates to £54 per patient (a relative cost 
increase of over 400% to the core panel alone), with significant 
cost ramifications when performed at scale. At a local level, we 
also identified use of the extended laboratory panel continued 
despite falling rates of COVID-19 presentations, allowing feed-
back to requesting teams and directly changing practice.

Our service evaluation has several strengths, notably assess-
ment of the performance of an extended panel of laboratory 
tests not widely considered in UK prognostic studies to date 
within a clinical cohort identified based on commonly used 
clinical and virological criteria.4 17–20 Laboratory tests were 
integrated into routine practice prior to the local peak of the 
pandemic based on available literature and national guidelines.15 
In contrast with the batched analysis undertaken under research 
condition in previous studies,18 all tests described here were 
conducted by accredited laboratories using platforms calibrated 
to international reference standards, facilitating future data 
sharing. Our multivariate approach is well suited to investigate 
whether specific laboratory tests provide additional prognostic 
value beyond conventional parameters,28 using inclusion criteria 
and clinically relevant endpoints in line with other reported 
studies.4 17 19 Finally, we considered the service costs that accom-
panied implementing these tests into routine practice,29 a rele-
vant factor often neglected in other publications.

Our evaluation also has a number of limitations, reflecting 
the challenges of clinical data collection during an epidemic. 
It represents retrospective experience from a single tertiary 
referral centre, limiting sample size. However, the study 
cohort inclusion criteria reflected national admission criteria 
for COVID-19 that remain active as the UK enters the next 

Figure 4  Daily COVID-19 admission rates and test requesting patterns during the early admission period. Run chart showing emergency unit (EU) 
admission rates for patients with confirmed laboratory-confirmed COVID-19 (right y-axis, dashed-line) and accompanying tests performed within 72 
hours of emergency department attendance (left y-axis, solid-line) during the first wave of the COVID-19 pandemic. The dotted line indicates the roll-
out of extended panel testing from 17 March 2020.
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wave of COVID-19, highlighting the likely wider relevance 
of these findings. Second, availability of extended test 
panel results during the early admission period was mixed. 
Admission D-dimer and hs-Trop results were available for 
70%–80% of patients, comparing favourably to a similar 
UK registry-based study where D-dimer results were only 
available at time of admission in 37.2%.17 Conversely, we 
observed high rates of missing data for LDH, ferritin and 
PCT, undermining their relevance as a prognostic tool. This 
was likely due to operational factors such as a delay in test roll 
out relative to epidemic peak, and requirement for an addi-
tional sample tube. Because it cannot be assumed that data 
are missing at random, we chose to perform complete case 
analysis. Although this limits our statistical power, it avoids 
unfounded assumptions and potentially invalid imputation. 
In its current form, the CHoRD registry lacks detailed infor-
mation on patient-level physiological observations, nature of 
comorbidities, cause of death and therapeutic interventions. 
Similarly, all registry-linked laboratory values were available 
to clinicians and are likely to have influenced management 
decisions. Advances in clinical care diagnostics, therapeutics 
and potentially viral mutation are likely to alter the observed 
performance of the prognostic model. These limitations apply 
equally to pragmatic risk-scores,4 18 19 and the utility of risk 
stratification tools may vary over time.30 Finally, we recognise 
our evaluation consider the index test result and a specific 
question of inpatient prognosis, and additional indications 
exist for requesting components of the extended laboratory 
tests that fall outside of our primary and secondary endpoints. 
For instance, the use of PCT is often employed to support anti-
biotic stewardship31 and was integrated into routine practice 
locally in early April 2020. There may also be merit in more 
targeted use of additional testing. For example, a combination 
of routine and extended laboratory blood tests have recently 
been shown to support prediction of SARS-CoV-2 infection32; 
however, the cost-efficacy relative implementation of serial 
universal PCR screening remains uncertain. Hence, while 
we highlight the significant associated healthcare costs with 
implementation of extended laboratory testing, we do not 
make specific claims concerning the potential savings from 
discontinuing unnecessary investigations.29

Implications for practice
Laboratory markers supporting early risk stratification of 
patients are often used in the ED setting and have been shown to 
benefit patient triage.33 Our data suggest that systematic testing 
of COVID-19 positive patients on admission with an ‘extended’ 
laboratory panel provide little additional prognostic information 
for COVID-19 mortality or intensive care admission ‘core’ tests. 
Besides the financial impact, over-requesting of laboratory tests 
are likely to increase the number of false-positive results, with 
the potential to lead to further potentially harmful tests (eg, CT 
pulmonary angiography in patients with marginally elevated 
D-dimer but no clinical indication of thromboembolic disease).34 
We suggest that the use of these laboratory markers be targeted 
to patients with specific clinical indications for these, such as 
PCT to guide antibiotic prescription or hs-Trop in patients with 
suspected myocardial injury.

In conclusion, we report our real-world experience from the 
use of an extended laboratory prognostic testing panel in patients 
hospitalised with community-acquired COVID-19. These find-
ings directly inform clinical practice, guiding cost-efficient use 
of resources in potential future waves.
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Take home messages

►► During the first wave of the pandemic, the literature 
and guidance from the UK Royal College of Pathologists 
supported the use of extended biochemistry and haematology 
testing on admission to support risk stratification of 
patients with COVID-19 infection; however, the prognostic 
performance of these markers remains unclear.

►► Our service evaluation suggests that systematic testing of 
COVID-19 positive patients with likely community-acquired 
disease on admission with an ‘extended’ laboratory panel 
(high-sensitivity troponin I, ferritin, lactate dehydrogenase, 
procalcitonin or quantitative D-dimer) provides limited 
additional prognostic information for 28-day mortality or 
intensive care admission, relative to conventional ‘core’ tests 
such as a full blood count, renal function and C reactive 
protein combined with simple demographics.

►► Few clinicians know the cost of the tests they request for 
their patients. With individual ‘extended’ panel members 
costing over £20 per test, and thousands of tests requested 
per month within a single hospital, these costs quickly 
escalate.

►► Besides the financial impact, over-requesting of laboratory 
tests are likely to increase the number of false-positive 
results, with the potential to lead to further potentially 
harmful investigations (eg, CT pulmonary angiography in 
patients with marginally elevated D-dimer but no clinical 
indication of thromboembolic disease). We suggest that the 
use of these laboratory markers be targeted to patients with 
specific clinical indications for these, such as procalcitonin to 
guide antibiotic stewardship or hs-Troponin I in patients with 
suspected myocardial injury.
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