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Abstract
Background Since the beginning of the COVID-19 pandemic, several in ammatory markers have been
investigated as possible predictors of survival. Ferritin and from recently LDH have emerged as a possible
marker that could serve to this purpose, with different cut-off levels than standard. Furthermore, serum
elevations of these markers were reported in other viral infections such as dengue fever; while it has not
been reported in MERS and SARS outbreaks and possibly making a biochemical distinction between
COVID-19 and other similar diseases. The aim of this research was to establish independent admission
levels of ferritin and LDH that predict lethal outcome more accurately.
Methods In this prospective cohort study all the patients were hospitalized at UKC, B&H (n=137), between
28th of March and 1st of August 2020. The criteria for hospitalization was based on MEWS score, and all
the in ammatory markers were evaluated in the rst 72 hours of admission. Cut-off values of serum
ferritin levels were set at 1500 ng/mL and LDH 350 U/L.
Results Patients with serum ferritin levels >1500 ng/mL had 7.304 OR (CI95% 1.956-27.277; p=0.003)
higher for lethal outcome than the group with <1500 ng/mL. Also, patients with levels of LDH >350 U/I
had 5.560 (CI95% 2.480-12.468; p<0.001) higher OR of lethal outcome than patients with LDH <350 U/L.
With the signi cant statistical difference between group means for both ferritin and LDH (p<0.001).
Discussion Serum levels of ferritin >1500 ng/ml and LDH >350 U/L increase OR of lethal outcome. The
levels of these in ammatory markers indicate the degree of in ammatory response and severity of the
disaese as well as the possible outcome of the disease. Together these two markers could be used as
predictors in clinical settings and treatment planning of patients with COVID-19.
Conclusion: Together these two markers could be used as predictors in clinical settings and treatment
planning of patients with COVID-19.

Background
In December 2019, a novel β-coronavirus emerged in Wuhan, China that caused pneumonia- and u-like
illness. This virus was later named as the severe acute respiratory syndrome-related coronavirus 2 (SARSCoV2) and the diseases Coronavirus Disease 2019 - COVID-19. The reported mortality rate ranged from to
2.3% in China to 7.2% in reported in Italy. On August 1st, 2020, the total number of infected people
globally passed 20 million, with more than 770 thousand deaths. On the same date, Bosnia and
Herzegovina (B&H) reported 16.025 individuals with COVID-19, of which 571 people have deceased (1, 2).
The rst registered case of COVID-19 at Tuzla University Clinical Center, Northeastern Bosnia and
Herzegovina was on the 28th of March 2020 (3).
The vast majority of individuals with COVID-19 (~ 80%) report having no or mild symptoms, whereas
minor part develops more severe symptoms that demand hospital admission. Most common rst
symptoms in con rmed COVID-19 infected patients are cough, dyspnea, and fatigue, fever as well as
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myalgia and headache; while gastrointestinal symptoms include nausea, vomiting, abdominal pain, and
diarrhoea; some patients report loss of olfactory sensation as well (4).
From the start of the pandemic, several risk factors have that contributed to the development of a severe
type of COVID-19 infection were reported such as old age, obesity, chronic kidney diseases, diabetes and
black ethnicity among others (5). Nevertheless, the area that is still under research is what are the
laboratory and in ammatory markers that could be used in the assessment of the severity of COVID-19
infection and outcome and differentiate COVID-19 from other viral infections.
So far it has been reported that several laboratory markers are deranged in COVID-19 such as d-dimer,
lactate dehydrogenase (LDH), interleukin-6 (IL-6), C-reactive protein (CRP), and ferritin (6). These
derangements are also seen in other infections, with certain variations, with potential to provide insight
into the disease severity as well as in predicting the outcome. Recent studied have investigated the
impact of biomarkers that are used for identi cation of hyperin ammation syndrome (HI-S) in COVID-19
such as ferritin and CRP. It has been shown that fatal outcome from COVID-19 infection closely
associated with HI-S development, suggesting that disease severity is associated with increase in speci c
in ammatory markers (7). However, other markers of in ammation that are more systemic such as LDH
and AST have not been yet extensively researched and used in predictive models. Furthermore, cut-off
values have been set on the basis higher than normal rather than establishing a new level that could be
more accurate in predicting survival or eventual diseases progress.

Ferritin
The exact origin of elevated serum ferritin seen in infectious diseases (hyperferritinemia) is still matter of
debate; macrophage activation syndrome and de nuovo biosynthesis of ferritin could explain these
elevated levels, also there is evidence that ferritin is released by necrosis or cell damage and subsequent
leakage. Probably both pathways are responsible for the elevated levels of ferritin in in ammatory states
and this issue needs further research (8). The role of increased ferritin is another matter of debate; its
primary role in a healthy organism is in iron storage. At the same time, in in ammation, it seemingly has
a role as a mediator between various cells involved in the immune response. Also, it may prevent over
extensive damage to the tissue by free radicals and prevent iron being utilized by the pathogen (9).
In other coronavirus outbreaks in the last twenty years (SARS, MERS) the levels of ferritin have not been
reported as a predictor or signi cant marker of in ammation (10, 11). On the other side, in dengue fever,
Ebola and Crimean-Congo hemorrhagic fever, elevated levels of serum ferritin have been observed and
reported. Interestingly, patients with in uenza virus B infection have a low correlation with serum
elevation of ferritin (8).
Recently it has been reported that part of the patients with COVID-19 develop hyperin ammatory
syndrome (HI-S) which is associated with increased mortality and morbidity. One of the in ammatory
markers that are necessary in order to diagnose HI-S in COVID-19 infection is ferritin, and the cut-off level
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of ferritin for diagnosis is set at 1500 ng/mL and higher (12). Additionally, one study reported that in
patients who died from COVID-19 infection, ferritin levels were higher upon hospital admission and during
the hospital stay; with median values of serum ferritin levels after day 16 of hospitalization surpassing
the upper limit of detection, indicating that ferritin levels were elevated throughout hospitalization (13).
Patients, in one study, with a severe form of COVID-19 reported elevated levels of serum ferritin when
compared to patients in the non-severe disease group. Therefore, it was assumed that serum ferritin
levels were closely linked to the severity of COVID-19 infection (14). Lastly, laboratory ndings in patients
with severe COVID-19 showed data compatible with the development of cytokine storm with raised
in ammatory markers, among them elevated serum ferritin levels. (15). This may strengthen the
argument that hyperferritinemia is linked speci cally with in ammation in SARS-CoV-2 infection, and
consequently, ferritin could be a useful parameter to predict disease severity (9).

LDH
Increased serum levels of LDH have been associated with more severe outcome in other virus infections,
such as in acute respiratory distress, viral community-acquired pneumonia, and dengue fever (where
levels closer to 1000 U/J were correlated with development of a more severe form of the diseases). These
ndings are consistent with the current medical understanding that high LDH levels are associated with
tissue breakdown occurring in various infectious diseases. (16, 17) In previous studies on patients who
had been affected in previous coronavirus outbreaks (SARS and MERS), elevated levels of LDH were
reported (18). Furthermore, LDH is present in lung tissue and its is one of the primarily affected sites in
COVID-19, hence elevated levels of LDH could be the result of lung tissue breakdown (19, 20). Pooled
statistical analysis of the impact of increased levels of LDH on severity and outcome in COVID-19
infection have shown an increase of 6-fold in odds of severe COVID-19 disease and a 16-fold increase in
a lethal outcome. Elevated levels of LDH were found > 95% In patients with lethal outcome, while < 60% in
the survivor group (21). However, the levels of LDH indicative for increased odds of morbidity and
mortality have not been thoroughly researched in COVID-19 patients.
This study aims to establish levels of serum ferritin and LDH upon admission and used them as
predictors of COVID-19 mortality as well as try to establish independent cut-off levels of ferritin and LDH
that have the most signi cant impact on the survival of COVID-19 patients in Bosnia and Herzegovina
(B&H). This is the rst study of its kind in B&H that has analyzed these in ammatory markers and tried to
make a prognostic model of mortality for COVID-19 patients based serum levels of ferritin and LDH upon
admission to the hospital. It is the rst study of its kind that has been conducted in B&H and provides
information as well as an update on the nature of COVID-19 pandemic in this part of Europe and adds to
the body of knowledge regarding COVID-19 that could facilitate further research with providing relevant
data.

Methods
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In this prospective observational cohort study, 137 patients were observed from the 28th of March to the
1st of August 2020 at Tuzla University Clinical Center, B&H (UKC), all of whom were Caucasian. These
patients tested positive for COVID-19 using RT-qPCR, and their clinical condition reacquired hospital
admission based on MEWS score. The levels of urea, LDH, ferritin, CRP, full blood count, troponin levels,
and d-dimer were analyzed in the rst 72 hours of admission and were included in the research. The
statistical analysis was performed using SPSS v.25 (IBM Corp., Armonk, NY, US); the difference between
group means was established using MANOVA test and Tukey posthoc analyses, while the odds ratio (OR)
of lethal outcome was conducted using binary logistic regression. All the values lower than p<0.05 were
considered signi cant.

Results
There was a total of 137 patients of which 61.8% (n = 84) were male and 38.2% (n = 52) were female
(Fig. 1a). The mean length of hospitalization was 7.76 ± SD 5.029. The average age of patients was
62.34 ± 16.33, with a minimum of 20 and the oldest being 94 years of age (Fig. 1b). In total 32.1% (n = 44)
had no known comorbidities; 28.5% (n = 39) had one known comorbidity while two or more in 39.4% (n =
54) of patients.
The overall mean level of ferritin was 636.45 ± 863.11 ng/mL; the group of patients (n = 115) with ferritin
levels lower than 1500 ng/mL had a mean ferritin level of 554.95 ± 381.26 ng/mL, with 65 patients
discharged from hospital ; on the other side, the group with values of ferritin higher than 1500 ng/mL (n =
25) had a mean of 2301.19 ± 1161.59 ng/mL (MANOVA test p < 0.001); with 3 out of 25 patients had a
positive outcome and were discharged from hospital. Patient with levels of ferritin > 1500 ng/mL had
7.304 (CI95% 1.956–27.277; p = 0.003) higher OR of the fatal outcome when compared to those with
levels of ferritin < 1500 ng/mL. Patient with higher levels of LDH > 350 U/L had OR 5.560 (CI95% 2.48012.468; p < 0.001) than those with LDH lower than 350 U/L (the difference between groups p < 0.001,
MANOVA test) (table 2.) Hosmer-Lemeshow goodness-of- t X2 = 1.255; p = 0.534. Mortality in the group
with LDH levels < 350 U/L was 32.1% and in the group with LDH > 350 U/L at 74.6% (Fig. 2). Whereas, in
the group with ferritin < 1500 ng/mL 42% and 88% in the group of patients with serum ferritin >
1500 ng/mL.

Discussion
Finding biochemical markers that would enable the creation of predicting models in patients in icted with
COVID-19 has been elusive since the start of the pandemic. The role of CRP and other in ammatory
markers has not been effective as in other infectious diseases since the knowledge of pathogenesis and
mechanism by which COVID-19 operates have been limited. Emphasis on the level of cytokine storm and
development of HI-S in severe forms of COVID-19 has been established as one of the hallmarks (12)
Ferritin’s primary function is as a serum iron depo; however, during in ammation, it has a potential role in
modulating the in ammatory response and could be intermediator between different cells involved in the
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process. Another possible role is prevention the utilization of iron by the microorganism (9). Elevation of
serum ferritin has been found in other infectious diseases such as Ebola, hemorrhagic fever and dengue
fever but have not been reported in other coronavirus caused illness SARS and MERS. The level of ferritin
has been found to be correlated with macrophage activation syndrome, but the origin of the serum ferritin
remains controversial, is it produced in the cells or it's being leaked through the damaged or dead cells
(8). Due to the fact, HI-S is characterized by levels of ferritin > 1500 µg/L; this study used that cut-off
value of ferritin. Patients with ferritin > 1500 ng/mL have shown to have 7.304 (CI95% 1.956–27.277; p =
0.003) higher OR of lethal outcome than the group with ferritin < 1500 ng/mL. Also, the difference in the
means of ferritin between these groups has proven a statistically signi cant result (p < 0.05). This
increase in OR demonstrates that the severity of the illness stimulates greater elevation of ferritin while
more moderate forms of the disease do not stimulate to the same extent. Furthermore, the levels of
ferritin could be used as a guide to establishing the extent of the infection in a patient without any serious
or critical manifestation of the disease. These ndings put COVID-19 infection in the group with Ebola
and dengue fever but not in the same group with other coronavirus outbreaks such as MERS and SARS;
also, the lower association between hyperferritinemia and in uenza B infection could be useful toll in
upcoming ue season when the distinction between in uenza infection and COVID-19 infection is needed
(8). Higher OR in the group of patients with ferritin > 1500 ng/mL gives insight into the outcome and
enable better planning of patient care.
On the other hand, LDH had been shown to be a more systemic marker of the in ammatory response, the
nature of LDH and its ubiquitarian presence does not distinguish it as a suitable candidate as a model
predictor (17). However, the nature of COVID-19 infection has proven that even though the primary site of
infection could be the lungs or GIT other symptoms of COVID-19 infection such as loss of smell,
headache, as well as myalgia and bone pain point out that the virus has its pathological effect on other
organs. Increased levels of LDH could be the consequence of more systemic response and virus a iction
and point to the general in ammatory response (16) In our study the level of LDH has been set at 350 U/L
as a cut off value, while other research has found the levels of 359 U/L to be more signi cant for
prediction of mortality. In our study cohort of patients that had LDH > 350 U/L had shown to have 5.560
(CI95% 2.480-12.468; p < 0.001) higher OR for the lethal outcome than the group of patients with LDH <
350 U/L; the difference between groups mean levels of LDH was statistically signi cant (p = 0.000). The
increased levels of LDH have been reported in earlier studies on MERS and SARS, as well as dengue fever
(17, 18). The levels of LDH > 350 U/L could be used together with levels of ferritin in assessing the
severity of COVID-19 patients upon admission and as a predictor of survival.
The combination of LDH and Ferritin in predicting the outcome of COVID-19 could be used in prognostic
models as well as a toll in the initial clinical assessment of patients. The admission levels of these two
biomarkers, which could become standard practice in initial laboratory work for COVID-19 patients,
provide insight in the prognosis of the patient and triage the patients into ICU or high dependency unit
regardless of their clinical condition at the moment of presentation to the hospital. Small elevations of
LDH and ferritin did not provide signi cant results when analyzed; however, depending on the point in
time of the infections, these markers could increase to a higher level. Therefore, more dynamic
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assessment and continues monitoring of these markers based on the time scale from the beginning of
the infection could provide signs of deteriorating patients and possible complications of infection.
The combination of LDH and ferritin in predicting the outcome of COVID-19 could be used in prognostic
models as well as a toll in the initial clinical assessment of patients. The admission levels of these two
in ammatory markers, which could become standard practice in initial laboratory work for COVID-19
patients, provide insight in the prognosis of the patient and triage the patients into ICU or high
dependency unit regardless of their clinical condition at the moment of presentation to the hospital.
Small elevations of LDH and ferritin did not provide signi cant results when analyzed; however,
depending on the point in time of the infections, these markers could increase to a higher level further
down the period of hospitalization. Therefore, more dynamic assessment and continues monitoring of
these markers based on the point in time of the infection could provide signs of deteriorating patients and
possible complications of the disease.
This research, however, does have a speci c limitation, the size of the survival group was limited, and in
the future studies, a larger sample could be studied and compared. Moreover, in order to have full
prognostic model, more factors should be taken into account. Clinical manifestation, as well as imaging
modalities, could be used in order to produce a more comprehensive and suitable model of predicting the
outcome for a patient with COVID-19 infection. This represents the rst analysis of in ammatory markers
in B&H of patients with COVID-19 and creation of prognostic models that could enable better clinical
evaluation of severity among this group of patients with the intent to provide improved triage and
planning of care.

Conclusion
Usage of LDH > 350 U/L and ferritin > 1500 ng/mL and the serum values in the initial clinical assessment
of COVID-19 patients could provide deeper insight into diseases severity and predict the possibility of a
lethal outcome.
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Figure 1
a The distribution between gender. There was 61.31% (n=84) males and 38.69% (n=53) of females.
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