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ABSTRACT 

Objective: To determine the diagnostic accuracy of the Lactate Dehydrogenase, C-Reactive Protein and Ferritin in suspected 
patients of COVID-19.  
Study Design: Cross-sectional validation study. 
Place and Duration of Study: Pathology department of Combined Military Hospital Lahore in the month of May 2020. 
Methodology: We included 101 adult (>18 years) symptomatic suspected COVID-19 patients of both genders. Children, 
pregnant women and asymptomatic patients were excluded from study. Age, gender and results of Reverse Transcriptase 
Polymerase Chain Reaction, Lactate Dehydrogenase, C-Reactive Protein, ferritin were recorded. 
Results: Lactate Dehydrodenase had highest sensitivity (75%) with positive predictive value of 71.6% and diagnostic accuracy 
of 65.3% among three biochemical parameters studied. Receiver Operator Characteristic curve was studied. Area under curve 
of Lactate Dehydrogenase (AUC=0.65) and Ferritin (AUC=0.59) reflected their ability to prognosticate the presence of COVID-
19 disease. However, C-Reactive Protein (AUC=0.42) appeared to be a poor predictor of the disease. 
Conclusion: Raised serum Lactate Dehydrogenase (>490 U/L) and Ferritin (>152 ng/L) levels can be used to predict the 
Reverse Transcriptase Polymerase Chain Reaction positivity for COVID-19 in the population of suspected patients of COVID-
19. However, C-Reactive Protein is a poor predictor of COVID-19. 

Keywords: C-Reactive protein, COVID-19, Diagnostic accuracy, Ferritin, Lactate dehydrogenase, Reverse transcriptase 
polymerase chain reaction. 

How to Cite This Article: Ashiq T, Sattar A, Uddin N, Bashir Q, Shaheen S, Ijaz A. Determination of Diagnostic Accuracy of Biochemical Parameters (CRP, LDH & 
FERRITIN) in The Diagnosis of COVID-19 in Suspected COVID Cases. Pak Armed Forces Med J 2021; 71(5): 1722-1726.            doi: https://doi.org/10.51253/pafmj.v71i5.5749 

 
INTRODUCTION 

The single stranded ribonucleic acid (RNA) virus 
of Corona virus family called Severe Acute Respira-
tory Syndrome-Corona virus-2 (SARS-CoV-2) is respo-
nsible for a respiratory illness called Corona Virus Dis-
ease-2019 (COVID-19)1,2. In December 2019, the outb-
reak of COVID-19 started from Wuhan city of China 
and subsequently spread to more than 150 countries 
across the globe. On 11 March 2020, World Health 
Organization (WHO) declared it a Pandemic.1 

The first case of COVID-19 was confirmed in 
Pakistan on February 26th, 2020 from Karachi.2 Later, 
the virus spread to various regions of the country.  
According to report of COVID-19 health advisory plat-
form Ministry of National Health Services, till 10th 
April 2020, 54706 suspected corona virus patients were 
reported in Pakistan, 8.6% of which tested positive for 
COVID-19.3 The rate of infection COVID-19 virus was 
estimated to be 2.3 per 100,000 population of Pakistan. 

About 49% of patients were registered in the Punjab.4 

The clinical spectrum of COVID-19 ranges from 
asymptomatic infection to severe pneumonia with 
respiratory failure and even death.2 Most of the pati-
ents remain asymptomatic despite being active carri-
ers5. Person to person transmission is believed to occur 
via respiratory droplets.2 Early identification of infec-
tion and timely isolation and management is crucial to 
control the disease. The real time Reverse transcriptase 
Polymerase Chain Reaction (RT-PCR) becomes posi-
tive within first week of exposure and is used for its 
diagnosis.6 Initial studies implicate vasculitic processes 
in pathogenesis of organ damage. These mechanisms 
are propagated by activation of complement system, 
pro-inflammatory and inflammatory cytokines.7  The 
disease is associated with a rise in certain biochemical 
parameters like C-Reactive Protein (CRP), Lactate 
Dehydrogenase (LDH) and Ferritin.7-9 CRP has been 
found to be prominently increased in initial phase        
of infection and is an early predictor of infection. It is 
also associated with disease progression.7,10 Ferritin 
has been reported to be markedly raised in non-
survivor than survivors.7 Raised LDH indicates tissue 
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destruction and is an important prognostic marker of 
lung injury. 

Our study aims to determine the diagnostic accu-
racy and association of these biochemical parameters 
with COVID-19 in suspected cases using RT-PCR as a 
gold standard for diagnosis. 

Whether these biochemical parameters can be 
used as surrogate markers of COVID-19 positivity is     
a dilemma. This can help in early isolation and mana-
gement of suspected patients of COVID-19 because 
results of biochemical tests can be generated within 2-3 
hours as compared to PCR which may take 12-24 
hours. An important aspect of COVID-19 diagnosis is 
that molecular diagnostic facilities are expensive and 
are available only at selected centers. However, facility 
for analysis of biochemical parameters is easily avail-
able and can be used to screen the masses. The objec-
tive of our study was to determine diagnostic accuracy 
of LDH, CRP & Ferritin in symptomatic suspected 
COVID-19 patients, using RT-PCR as a gold standard 
for its diagnosis. 

METHODOLOGY: 

This cross-sectional validation study was conduc-
ted in Pathology department of Combined Military 
Hospital (CMH) Lahore after taking approval from 
Research Review Board of the hospital (Ref no. 248/ 
2020). The sample size was calculated using following 
equation (A1) taken from a study by Flahault et al on 
sample size calculation design accuracy in diagnostic 
test studies11. 

Inclusion Criteria: The adults (age >18 years) suspec-
ted COVID-19 patients of both genders, reporting to 
the screening center for their symptoms (fever, cough, 
flu, diarrhea, difficulty in breathing) or positive travel/ 
contact history with COVID-19 patient, from May to 
May 2020, were included in the study, using non-
probability convenient sampling technique. 

Exclusion Criteria: Children, pregnant women and 
asymptomatic patients were excluded from the study.   

          Informed consent was taken from them. On 

admission Throat swab for RT-PCR for COVID-19 
virus was taken in viral transport medium (VTM). The 
blood samples (3ml) were taken in plain tubes for bio-
chemical parameters. Serum was separated by centri-
fugation at 3500 rpm for 3 minutes and was analyzed 
without any delay. Sera were kept at 2-8ºC, if there was 
any delay in analysis. Roche Cobas C-501 random 
access chemistry auto-analyzer was used for analysis 
of C-reactive protein (CRP) and lactate dehydrogenase 
(LDH). For Ferritin, Roche Cobas e-411 auto-analyzer 
was used.  

Age, gender and result of RT-PCR along with 
biochemical parameters (LDH, CRP & Ferritin) were 
recorded and entered in SPSS (version 21) for statistical 
analysis. Frequency of age gender and RT-PCR result 
was determined. Sensitivity, specificity, positive pre-
dictive values (PPV), negative predictive value (NPV) 
and diagnostic accuracy for each studied biochemical 
parameter were calculated. We used chi-square test to 
find the difference between frequency of patients with 
the low and raised levels of biochemical parameters in 
RT-PCR positive and negative cases. The Receiver 
Operator Characteristic (ROC) graph was made to see 
the area under the curve (AUC) of the studied parame-
ters to prognosticate the patients with positive RT-PCR 
for COVID-19. 

RESULTS 

One hundred and one suspected patients of 
COVID-19 were enrolled in this study, 72.3% were 
males and 27.7% were females.  Mean age of patients 
was 46.7 ± 16.9 years. Most of patients (46.5%) were 
young, lying in the age range of 18 to 40 years. 33.7% 
of cases were aged between 41-60 years and only 19.8% 
were above 61 years of age. The result of RT-PCR for 
COVID-19 was positive in 64 (63.4%) and negative in 
37 (36.6%) cases. Out of 64 COVID-19 cases, 48 had 
raised LDH levels (Table-I). Among the 37 negative 
cases, 13 and 6 had raised and severely raised LDH 
levels respectively (Table-II). Surprisingly 32 COVID-
19 positive cases had CRP level within normal refe-
rence limits. 17%, 25% and 10% of positive COVID-19 

Table-I: Sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy of biochemical 
parameters. 

Diagnostic Parameters  
Lactate 

Dehydrogenase 
Ferritin 

C-Reactive 
Protein 

Sensitivity= True Positive/( True Positive +False Negative) 75% 54.6% 50% 

Specificity= True Negative /(True Negative +False  Positive) 48% 43.2% 40.5% 

Positive Predictive Value= True Positive/(True Positive+ False Positive) 71.6% 62.5% 59.3% 

Negative Predictive Value= True Negative/(True Negative +False Negative) 52.9% 35.5% 31.9% 

Diagnostic Accuracy=(True Positive +True Negative)/All Patients 65.3% 55.4% 46.5% 
LDH: Lactate Dehydrogenase, CRP: C-Reactive Protein. 
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cases had high normal, moderately raised and marked-
ly raised Ferritin levels respectively (Table-II). 

The sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) and dia-
gnostic accuracy were calculated for each of three para-
meters using formulas mentioned in Table-II. LDH had 
highest sensitivity (75%) with the positive predictive 
value (PPV) of 71.6% and diagnostic accuracy of 65.3% 
(Table-I). CRP showed poor diagnostic accuracy of 
46.5% with sensitivity of only 50% and positive predic-
tive value (PPV) of 59.3% (Table-I). The chi-square test 
showed that LDH levels had significant difference (p-
value=0.02) between the RT-PCR positive and negative 
groups (Table-II). The Fisher’s exact test used for CRP 
and ferritin showed insignificant difference of their 
levels in RT-PCR positive and negative groups (Table-
II). The Receiver Operator Characteristic (ROC) graph 
was made to see the area under the curve (AUC) of the 
studied parameters to prognosticate the patients with 
positive RT-PCR for COVID-19. LDH (AUC=0.65) and 
Ferritin (AUC=0.59) had the curve above the reference 
line. CRP had AUC=0.42 only (Figure). The suggested 
the cut-off for LDH is >490 U/L (sensitivity: 70.3%) 
and for Ferritin is >152 ng/L (sensitivity: 68.8%). 

DISCUSSION 

Sensitivity and specificity are common terms used 
in the settings of validity of a laboratory test. Sensiti-
vity denotes accuracy and the term specificity is used 
for reproducibility. A receiver operator characteristic 
(ROC) curve denotes the relation between clinical sen-
sitivity and specificity for every possible cut-off. It is 
used to assess that how accurate the test (s) in question 
is as compared to the gold standard test for the diag-
nosis of a disease. An AUC of 0.5 suggests no discrimi-

nation, 0.7-0.8 is acceptable, 0.8-0.9 is excellent, and 
>0.9 is considered outstanding.  

Our results revealed LDH (AUC=0.65) and 
Ferritin (AUC=0.59) had the curve above the reference 
line indicating that they have better accuracy than CRP 
(AUC=0.42) in predicting the positive RT-PCR for 
COVID-19 (Figure). That indicated their predictive 
ability for detecting presence of COVID-19. CRP (AUC 
=0.42) proved it to be a poor predictor of the disease. 

Our findings in regard of CRP were in contrast to other 
studies. Only LDH levels had significant difference 
between RT-PCR positive and negative groups (p= 
0.02) (Table-II). It may be because the sample size was 
small and with increase in sample size, more differen-
ces that are prominent may be observed.  

Chang et al, concluded that raised LDH is an 
independent risk factor for severity (HR: 2.73, 95% CI: 
1.25-5.97; p=0.012) and mortality (HR: 40.50, 95% CI: 
3.65-449.28; p=0.003) of COVID-19.5 A study by Wang 

Table-II: Results of biochemical parameters in COVID-19 patients. 

Parameters  Values 
Reverse Transcriptase Polymerase Chain Reaction 

(RT-PCR) 
p-value 

  Positive Negative Total cases  

Lactate 
Dehydrogenase 
(LDH) 

150-450 U/L (ref. limit) 16 (47) 18 (53) 34 

0.02* 450-1000 U/L ( mildly raised) 40 (75) 13 (25) 53 

>1000 U/L (markedly raised) 8 (57) 6 (43) 14 

Ferritin 

12-100 ng/L (low normal) 12 (46) 14 (54) 26 

0.22** 
100-200 ng/L (high normal) 17 (71) 7 (29) 24 

200-1000 ng/L ( mildly raised) 25 (67) 12 (33) 37 

>1000 ng/L ( markedly raised) 10  (71) 4 (29) 14 

C-Reactive Protein 
(CRP) 

Total Cases 
<6 mg/L 

64 (63.3) 
32 (68) 

37 (36.7) 
15 (32) 

101 
47 

0.65** 

 

6-100 mg/L  ( mildly raised) 24 (59) 17 (41) 41 

 >100 mg/L ( markedly raised) 8 (61) 5 (39) 13 

Total cases 64 (63.3) 37 (36.7) 101 
*Determined by Chi-square test, ** determined by Fisher’s Exact test. 

 

 
Figure: Receiver Operator Characteristic  graph. Area under 
the curve (AUC) of LDH = 0.65, AUC of Ferritin = 0.59 and 
AUC of RP=0.42. 
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et al, supports our findings as they found that COVID-
19 of significant severity is associated with LDH >245 
U/L (AUC= 0.82), CRP >64.79 (AUC=0.78) in addition 
to increased age, D-dimers, serum amyloid and decrea-
sed serum Albumin9. In COVID-19 lungs are mainly 
involved leading to hypoxia, thrombogenesis and 
inflammatory damage to the lung tissue. Raised LDH 
level indicates tissue destruction and is considered an 
important prognostic marker for lung injury.12 A very 
similar diagnostic accuracy study was conducted by 
Mardani et al, in Iran. They found that including the 
parameters like serum ALT, Neutrophils count, Urea, 
the CRP (AUC=0.870) and LDH (AUC=0.835) had a re-
markable accuracy in predicting patients with positive 
RT-PCR for COVID-19.13 Most of the studies suggest 
that LDH is raised during SARS-CoV-2 infection and 
has good predictive ability for the presence of COVID-
19. Tsui and colleagues reported that on admission 
elevated level LDH and Neutrophil count were inde-
pendent predictors of a poor clinical outcome.14 Our 
findings are in agreement that high LDH levels are 
associated with severe disease or higher viral load.11-13 

Lui et al, from China, conducted a study in year 
2020, including 12 patients showed that CRP levels 
negatively correlated with viral load.15 Among the 
biochemical indexes, the AUC on ROC curve for the 
infection and tissue damage indicators, Albumin, CRP, 
and LDH were 1, 0.938, and 0.844, respectively. These 
may also be potential predictors of disease severity. 
However, sample size of their study was too small to 
generalize the result. In contrast to their findings, our 
study showed that CRP is a poor predictor of the RT-
PCR positivity for COVID-19 and is poorly related to 
the disease. Another study done on 25 patients by Azzi 
et al showed no significant association between CRP 
and viral load in COVID-19 patients.12 

In agreement to our findings, three large studies 
reported significant increase in serum ferritin along 
with other biochemical parameters in non-survivors 
compared to survivors.11,16,17 In a large multi-centered 
study many demographic and biochemical parameters 
were compared between survivors and non-survivors 
of COVID-19 using multivariable regression.11 Signifi-
cant difference in the levels of Ferritin and LDH was 
observed between two groups. Feld et al, also studied 
ferritin as a predictor of mortality in 942 cases of 
COVID-19.18 Ferritin levels on admission and the maxi-
mum levels observed were poor predictors of death on 
ROC analysis, with AUC of 0.77 and 0.638 respectively. 

We infer that a raised LDH (>490 U/L) and Ferri-
tin (>152 ng/L) in symptomatic patients, suspected of 
COVID-19, should alert us. Such suspected patients 
should be immediately isolated and labeled as high-
risk cases. With early identification, isolation and man-
agement we can control spread of disease in any 
population. 

LIMITATION OF STUDY 

Our study had few limitations as we studied only three 
biochemical parameters in symptomatic suspected COVID-
19 patients. We recommend that for better analysis, large 
scale study, including hematological, biochemical and other 
inflammatory markers, should be done. 

CONCLUSION 

We conclude that LDH and Ferritin have good accuracy 
and can be helpful in prognosticating the presence of 
COVID-19 disease in symptomatic suspected patients. On the 
other hand, CRP is a poor indicator/marker of positive RT-
PCR for COVID-19. 
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