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A R T I C L E  I N F O A B S T R A C T

Klotho, encoded by the klotho gene, is associated 
with phosphate homeostasis. Klotho acts as a co-
receptor for FGF23 for binding to its receptors. With 
FGF23, klotho regulates the systemic mineral ho-
meostasis by regulation of vitamin D and parathy-
roid hormone. The anti-inflammatory, antifibrotic 
and antioxidant properties of klotho give it a cardinal 
role in the development of various renal diseases. 
The protective effect of klotho has been evident in 
different types of nephropathy, including diabetic 
nephropathy, cyclosporine A-induced nephropathy, 
Calcineurin inhibitors-induced nephropathy, and re-
nal ischemic-reperfusion injury. Nephrotic syndrome 
is distinguished by hypoproteinemia, proteinuria, and 
hypercholesterolemia as a result of the aberration of 
the glomerular filtration barrier. The various factors 
and pathways associated with the pathophysiology 
of the nephrotic syndrome have similarities with oth-
er types of nephropathy. Despite these similarities, 
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the role of klotho in the pathology of nephrotic 
syndrome remains still unexplored. This mini-
review builds the case for the possible role of 
klotho in nephrotic syndrome. The review ex-
plores the possible pathways where klotho can 
play a major role by identifying the similarities 
in the pathophysiology of nephrotic syndrome 
and other types of nephropathy.



INTRODUCTION

Klotho, a 135 kDa transmembrane protein, is as-
sociated with the aging process and is involved 
in phosphate metabolism, and regulates the ac-
tivity of fibroblast growth factors (FGF) [1]. The 
word klotho has been derived from the name 
of the Greek goddess Clotho who is believed to 
spin the “thread” of human fate. The derivation 
of the word signifies a metaphor for the life span 
of an individual as the klotho gene (KL) is associ-
ated with aging. The role of klotho in aging was 
first reported in mouse studies where KL defi-
cient mice had a decreased life span of fewer 
than eight weeks [2]. Similarly, an increased ex-
pression of the KL gene had positive effects on 
the life span of the organism [3]. Animal studies 
demonstrated an association between klotho 
protein deficiency and an increase in phosphate 
levels in the blood that is attributed to be one of 
the mechanisms involved in the decreasing life 
span in the animals.

The changes observed in klotho deficient ani-
mals are comparable to the age-related senile 
changes observed in humans [4, 5]. These ma-
jor changes included plaque formation in the 
arteries, weakening of bones, fat and muscle 
loss, hasty shrinkage of the thymus resulting 
in changes in the architecture of the thymus, 
and decrease in tissue mass leading to gradu-
al deterioration of the immune system; which 
are similar to senile changes observed in the 
elderly. 

The klotho gene family comprises α-klotho, 
β-klotho, and γ-klotho [6]. α-KL gene, located 
on Chromosome 13, comprises three exons and 
two introns [7] and encodes a transmembrane 
protein with a smaller cytoplasmic domain and 
a larger extracellular domain. There are three 
distinct types of α-klotho protein: transmem-
brane klotho, secretory klotho, and soluble 
klotho [7]. Metalloproteinases enzymes ADAM 
10 and 17 act on the extracellular domain of 
klotho to release it from its membrane sites [8-
10]. The enzymatic cleavage by the sheddase 
enzyme at the extracellular domain leads to the 
generation of soluble klotho form. Secretory 
klotho, having a molecular weight of 70 kDa, is 
another form of klotho protein formed by alter-
nate splicing of KL exons. Fibroblast Growth Fac-
tor-23 (FGF23) plays a crucial role in phosphate 
and vitamin D metabolism requires transmem-
brane α-klotho protein as its co-receptor [11]. 
β-klotho and γ-Klotho are also transmembrane 
proteins [6]. β-klotho acts as a co-receptor for 
FGF19 and FGF21 regulating bile acid synthe-
sis and energy metabolism [12]. Both the trans-
membrane form of α-klotho protein (acting as a 
co-receptor for FGF23) and the soluble form of 
klotho has been demonstrated to be involved in 
pathways whose aberration can lead to nephro-
genic effects [13,14].

Klotho has been directly implicated in the de-
velopment of chronic kidney disease (CKD) [15]. 
A decrease in klotho levels succeeded by a rise 
in serum FGF23 indicated deterioration of kid-
ney function in chronic kidney disease. Further, 
FGF23, produced from bones, regulates mineral 
metabolism [11].

Increased excretion of protein in urine and the 
resultant edema and hypoalbuminemia char-
acterize the nephrotic syndrome. Of all types 
of nephrotic syndrome, some are steroid-resis-
tant and some are steroid responsive. Minimal 
change disease, the commonest cause, is ste-
roid responsive.



eJIFCC2022Vol33No1pp003-010
Page 5

Sojit Tomo, Amandeep Birdi, Dharmveer Yadav, Manish Chaturvedi, Praveen Sharma
Klotho: a possible role in the pathophysiologyof nephrotic syndrome

Steroid resistance includes focal segmental 
glomerulosclerosis that has a significant risk 
of kidney failure [16]. Systemic diseases such 
as Lupus can also cause nephrotic syndrome. 

The primary and secondary causes of nephrot-
ic syndrome should be distinguished and man-
agement strategies appropriately tailored. 
Immunosuppressive medications are the main-
stay of treatment. The various causes of nephrot-
ic syndrome have been categorized and listed in 
Table 1.

Klotho has significant beneficial effects on the 
kidney by alleviating oxidative stress and by its 
antiapoptotic properties. This protective effect 
of klotho in different types of nephropathy, in-
cluding diabetic nephropathy, has been demon-
strated in multiple studies. 

The pathologic alterations observed in different 
types of nephropathy such as increased oxida-
tive stress, and inflammation, have also been 
demonstrated in nephrotic syndrome. However 
few studies have explored the role of klotho in 
nephrotic syndrome.

KLOTHO IN DIABETIC NEPHROPATHY

The role of klotho in the development of diabetic 
nephropathy has been explored in various animal 
models. A decreased klotho level in animal mod-
els increased the purinergic receptor P2X7 culmi-
nating in cell death by apoptosis or necrosis in 
diabetic nephropathy [18]. Klotho was also dem-
onstrated to suppress the hyperglycemia-mediat-
ed glomerular endothelial injury and activation 
of the Wnt/β-catenin pathway in mice models of 
diabetic nephropathy [19]. The aetiological role 
of klotho in DN was further expounded by the 
attenuation of apoptosis of renal tubular cells by 
the drug atrasentan that acts by decreasing the 
expression of miR-199b-5p and thus increasing its 
target, klotho [20]. A reduction in the odds of ear-
ly nephropathy in T2DM patients was observed 
at a higher concentration of FGF-23, which corre-
lated positively with sKL in diabetic patients [21]. 
Interestingly, nephrotic syndrome, when com-
pared with controls is associated with decreased 
levels of FGF23. The reduction in Vitamin D levels 
and the loss of FGF23 in urine are thought to con-
tribute to lowered levels observed [22]. 

Genetic Infectious causes Idiopathic Others

•	 Diffuse mesangial 
sclerosis (DMS)

•	 Epidermolysis 
bullosa associated

•	 Steroid-resistant 
nephrotic syndrome

•	 Familial focal 
segmental 
glomerulosclerosis 
(FSGS)

•	 Congenital 
infections 
including syphilis, 
toxoplasmosis, 
and HIV

•	 Cytomegalovirus

•	 HIV-associated 
nephropathy

•	 Minimal change 
nephropathy

•	 Focal segmental 
glomerulosclerosis

•	 Diffuse mesangial 
hypercellularity

•	 Membranous 
glomerulonephritis

•	 Membranoproliferative GN

•	 Lupus 
nephropathy

•	 IgA nephropathy

•	 Drugs

•	 Malignancies

•	 Hemolytic uremic 
syndrome (HUS)

Table 1 List of  various causes of  nephrotic syndrome 
categorized based on etiology
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INFLAMMATION AND OXIDATIVE STRESS 
IN NEPHROPATHY

The protective effect of klotho has also been ex-
plored in other types of nephropathy. Increased 
klotho levels, in cyclosporine A-induced ne-
phropathy, regulate cytokine expression and 
modulate the inflammation via PDLIM2/NF-kB 
p65 pathway resulting in beneficial effects [23]. 
It also has a crucial role in protection against Cal-
cineurin inhibitors-induced nephropathy [24]. 
The decreased klotho levels make the kidney 
vulnerable to oxidative stress-induced organ in-
jury [25]. Klotho mitigates oxidative stress by in-
creasing the manganese superoxide dismutase 
expression via suppression of the PI3K-AKT sig-
naling pathway [26]. Further, klotho also pre-
vents Calcineurin inhibitors-induced nephrop-
athy by improving autophagy clearance  and 
preventing autophagy cell death [27]. In renal 
ischemic-reperfusion injury, klotho was demon-
strated to have an inhibitory effect on oxidative 
stress in tubular epithelial cells thus preventing 
necroptosis [28]. Besides, the inflammatory en-
vironment also adversely affects the klotho ex-
pressions via NFκB-dependent mechanism as 
shown by the downregulation of klotho expres-
sion by inflammatory cytokines, such as TWEAK 
and TNFα [29].

Similar to the aforementioned types of ne-
phropathy, the nephrotic syndrome also has 
been correlated with increased oxidative stress 
and inflammatory state. Patients with steroid-
sensitive nephrotic syndrome had higher plas-
ma levels of advanced oxidation protein prod-
ucts and malondialdehyde indicating oxidative 
stress in them [30]. The increased pro-oxidant 
status in nephrotic children leads to consider-
able change in antioxidant concentrations [31]. 
The presence of oxidative stress and abnormal-
ity in the antioxidative system has been veri-
fied in adult nephrotic syndrome patients also 
[32, 33]. The increased activity of GSH-Px and 

selenium content in polymorphonuclear leuko-
cytes (PMNLs) in nephrotic syndrome also indi-
cates the presence of oxidative stress in these 
patients [34]. The decrease in NF-kappaB p65 in 
addition to the up-regulation of IL-2 are mech-
anisms hypothesized to initiate glucocorticoid 
resistance in steroid-resistant nephrotic syn-
drome [35]. Similarly, elevated serum TNFα lev-
els in nephrotic syndrome are associated with 
a lack of response to steroids [36]. Further, In 
vitro study has demonstrated the increased ex-
pression by TWEAK of PLA2R as well as NFKB1 
and IRF4 which are linked to membranous ne-
phropathy [37].

FACTORS AFFECTING KLOTHO EXPRESSION

Albuminuria, in cultured tubular cells, decreased 
the expression of klotho [38]. Concurrently, in 
CKD animal models with frank albuminuria, the 
klotho expressions were found to be suppressed 
indicating a possible role that klotho may have 
in the pathogenesis of CKD. 

Proteinuric kidney disease is associated with 
endoplasmic reticulum (ER) stress. Animal mod-
els of albuminuria demonstrated features of ER 
stress in renal tubular cells which are instigated 
by the albumin and mediated via ATF3/ATF4 ac-
tivation. The induction of ATF3 and ATF4 leads 
to enhanced binding to the promoter region 
effectuating altered transcription of the klotho 
gene culminating in the suppression of klotho 
expression [39]. ATF3 is also induced in renal 
ischemia-reperfusion injury, where klotho is 
observed to be downregulated [40]. Further, ER 
stress accentuates klotho degradations via pro-
teasome and lysosome. Hence, proteinuria (es-
pecially albuminuria) leads to decreased klotho 
protein half-life as well as the genetic expres-
sion [41].

Further, the downregulation of klotho in tubu-
lar epithelial cells is also associated with the ag-
gravation of renal fibrosis [42]. Although solu-
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ble α-klotho positively correlated with eGFR in 
patients with CKD, the efficacy of klotho in im-
proving renal function in CKD patients is still 
under investigation [43]. Further, the expres-
sion of klotho in kidneys is also affected by ex-
cessive renin–angiotensin–aldosterone system 
(RAAS) activation. In vitro experiments demon-
strated Angiotensin II to have a suppressive ef-
fect on klotho through PPAR-γ downregulation 
[44] (Figure 1).

The aforementioned factors affecting klotho ex-
pression (albuminuria and Angiotensin II) have 
been implicated in the pathophysiology of ne-
phrotic syndrome in various studies. The glo-
merular-derived angiotensinogen has been 
thought to have a significant effect on glomer-
ular dysfunction in nephrotic syndrome. As a 
result, the ARB treatment is beneficial in slit 
diaphragm injury by inhibiting the positive feed-
back loop of the activated local Ang II action [45]. 
During podocyte injury, a vicious loop that stim-
ulates the intrarenal generation of Angioten-
sin II is activated aggravating the development 
of glomerular dysfunction [46]. Further, PPARγ 

agonists decrease the proteinuria in acute ne-
phrotic syndrome by regulating the expression 
of multiple genes like actinin-4 and nephrin and 
leading to the restoration of podocyte structure 
[47]. Hence, activation of PPARγ and inhibition 
of ANGPTL4 is associated with a better progno-
sis in patients with nephrotic syndrome [48]. 

CONCLUSION

Figure 2 summarizes the possible mechanisms 
by which klotho may play a cardinal role in the 
pathophysiology of nephrotic syndrome. 

The various factors associated with the patho-
physiology of nephrotic syndrome, including 
oxidative stress and inflammation, are inter-
twined with klotho expression and its down-
stream effects. The multitude of studies dem-
onstrating the association of klotho and these 
factors in other types of nephropathy warrants 
its investigation into the nephrotic syndrome. 
The insights thus obtained would help in de-
signing therapeutic strategies involving klotho 
and its downstream effectors for nephrotic 
syndrome.

Figure 1 Depiction of  factors and their modes of  influencing the expression 
of  klotho. A: Albuminuria; B: Angiotensin II
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A R T I C L E  I N F O A B S T R A C T

Sepsis-related acute kidney injury (AKI) is one of 
the most common complications of sepsis at the in-
tensive care unit (ICU) with more adverse mortality 
rates. The early diagnosis and reliable monitoring of 
sepsis-related AKI are essential in achieving a favor-
able outcome. Novel serum and urinary biomarkers 
could yield valuable information during this process.

Regarding the widely used Kidney Disease Improving 
Global Outcomes (KDIGO) classifications, the diagno-
sis of AKI is still based on the increase of serum cre-
atinine levels and the decrease of urine output; how-
ever, these parameters have limitations in reflecting 
the extent of kidney damage, therefore more sensi-
tive and specific laboratory biomarkers are needed 
for the early diagnosis and prognosis of sepsis-relat-
ed AKI. Regarding this, several serum parameters are 
discussed in this review including presepsin and the 
most important actin scavenger proteins (gelsolin, 
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Gc-globulin) while other urinary markers are 
also examined including cell cycle arrest bio-
markers, neutrophil gelatinase-associated lipo-
calin (NGAL), kidney injury molecule 1 (KIM-1), 
Cystatin C and actin.

Novel biomarkers of sepsis-related AKI could 
facilitate the early diagnosis and monitoring of 
sepsis-related AKI.

INTRODUCTION

Sepsis is a complex clinical syndrome with in-
creasing incidence and unfavorable mortality 
rates which still poses a significant challenge 
in intensive care despite the availability of ad-
vanced treatment methods [1-3]. As stated in 
the latest Sepsis-3 definitions, sepsis is a life-
threatening organ dysfunction caused by a dys-
regulated host response to infection [4].

CONVENTIONAL SEPSIS BIOMARKERS

Timely diagnosis along with effective causal 
and supportive treatment of sepsis are essen-
tial for achieving adequate recovery. Although 
not being part of the Sepsis-3 definitions, se-
rum high-sensitivity C-reactive protein (CRP) 
and procalcitonin (PCT) are still widely used in-
flammatory markers in the clinical evaluation 
of sepsis [4, 5]. CRP is a non-specific inflamma-
tory marker; thus, it can be elevated in various 
acute and chronic diseases (e.g. autoimmune 
disorders, trauma, malignancies) besides sep-
sis [6-8]. However, despite CRP being a gen-
eral inflammatory marker, its mostly inversely 
proportional relation to albumin – namely the 
CRP:albumin ratio – has already been inves-
tigated in numerous clinical conditions (e.g. 
sepsis, pancreatitis, coronary artery disease, 
malignancies) [9-11]. CRP reaches its peak lev-
els 48 hours after the start of the inflammatory 
process and significantly elevated CRP levels 
also have a moderate correlation with the se-
verity of sepsis [6, 12]. Compared to CRP, PCT 

concentrations increase 4-6 hours after the on-
set of infection while PCT also showed better 
performance regarding the diagnosis and mor-
tality prediction of sepsis [8, 13, 14]. However, 
exclusively fungal or viral infections do not el-
evate PCT, yet other inflammatory conditions 
(e.g. extensive tissue injury, pancreatitis) be-
sides infection could result in slightly increased 
PCT levels [14, 15]. Furthermore, the antago-
nistic changes in PCT and albumin were also in-
vestigated in sepsis-related AKI [16].

Besides hs-CRP and PCT, more than 200 novel 
(mostly serum) sepsis biomarkers have been 
evaluated, yet no single marker was sensitive or 
specific enough for accurately diagnosing sep-
sis [17, 18]. However, a multi-marker approach 
including various promising sepsis biomarkers 
(e.g. presepsin, IL-6) may provide useful infor-
mation regarding the early diagnosis of sepsis.

Presepsin

Presepsin (PSEP) is the soluble N-terminal frag-
ment (MW=13 kDa) of the cluster of differenti-
ation (CD) marker protein CD14 (MW=55 kDa), 
which is the receptor for lipopolysaccharide 
(LPS) and LPS-binding protein complexes [19, 
20]. Compared to PCT, PSEP has an even more 
rapid response time of 2-4 hours after the onset 
of infection, while PSEP was also deemed valu-
able for the early diagnosis and prognosis of 
sepsis in contrast to other conditions (e.g. trau-
ma, burn injury, major surgical operations) [21, 
22]. PSEP has varying diagnostic cut-off values 
among 400-600 pg/mL for sepsis, yet there is 
a concern that PSEP concentrations are affect-
ed by kidney function [23-25]. It is presumed 
that PSEP is filtered by the glomeruli, then reab-
sorbed and catabolized within proximal tubular 
cells. Several studies reported increasing PSEP 
levels as kidney function decreases (e.g. dur-
ing chronic kidney disease or sepsis-related AKI) 
[26-28]. However, PSEP – along with hs-CRP and 
PCT – could be removed from the circulation 
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using different modalities of renal replacement 
therapy (RRT), therefore potentially causing false
ly low inflammatory marker levels [28, 29].

CONVENTIONAL MARKERS 
OF SEPSIS-RELATED AKI

AKI refers to an abrupt decrease in kidney func-
tion resulting in the retention of numerous 
waste products and the dysregulation of extra-
cellular volume [30, 31]. The Kidney Disease 
Improving Global Outcomes (KDIGO) classifi-
cation is widely used for the diagnosis of AKI 
based on the increase in serum creatinine (sCr) 
levels and the decrease of urine output, both of 
which are kidney function markers [32]. Urine 
output often decreases before the elevation 
of sCr concentration could be detected, yet 
not all reductions in urine output indicate AKI. 
Unfortunately, due to the non-linear relation-
ship between glomerular filtration rate (GFR) 
and sCr, the increase of creatinine could be 
overlooked in the early phase of AKI. Therefore, 
the changes in these parameters do not reflect 
the extent of kidney damage, hence more sen-
sitive and specific laboratory biomarkers are 
needed for the early diagnosis and prediction 
of AKI [33, 34].

So far, several novel biomarkers have been in-
vestigated to improve early diagnosis and prog-
nosis of sepsis-related AKI [34, 35]. However, the 
clinical use of the studied biomarkers remains 
unclear due to heterogeneity of AKI itself and the 
limitations of novel AKI biomarkers. Regarding 
this, several biomarkers are discussed including 
tissue inhibitor of metalloproteinases-2 (TIMP-
2), insulin-like growth factor-binding protein 7 
(IGFBP7), neutrophil gelatinase-associated lipo-
calin (NGAL), kidney injury molecule-1 (KIM-1) 
and Cystatin C (CysC) while urinary actin and the 
most important proteins of the actin scavenger 
system (gelsolin, Gc-globulin) are also presented 
in this review.

NOVEL DAMAGE BIOMARKERS 
IN SEPSIS-RELATED AKI

Pre-injury phase stress markers

It has been proposed that the development of 
AKI is mostly preceded by a so-called acute kid-
ney stress (AKS) phase which can occur due to 
several sources of renal insults (e.g. hypoper-
fusion, nephrotoxic drugs, cytokines, reactive 
oxygen species). The expression of several cell 
growth regulating proteins including TIMP-2 
(MW=21 kDa) and IGFBP7 (MW=29 kDa) could 
be upregulated in the tubular system as a con-
sequence of kidney stress, thus leading to G1 
cell cycle arrest through the induction of several 
apoptotic pathways. In the case of prolonged 
kidney stress, the persistent urinary increase of 
these biomarkers could also indicate apoptotic 
tubular injury, thereby signaling the early devel-
opment of AKI. Urine measurements of TIMP-2 
and IGFBP7 were found useful in the early diag-
nosis and prognosis of AKI according to several 
multicentric studies. However, these biomark-
ers did not prove to be beneficial in patients 
with more severe stages of AKI while false posi-
tive results could also occur frequently in low-
risk patients [36-38].

Tubular markers of AKI progression

NGAL is a glycoprotein (MW=25 kDa) of the lip-
id carrier protein superfamily expressed mostly 
on the surface of neutrophils while also being 
scarcely present in other cell types (e.g. neph-
rocytes, hepatocytes). NGAL is filtered through 
the glomeruli and reabsorbed in the proximal 
tubules under normal circumstances. NGAL ex-
pression is rapidly upregulated if the tubular 
system is affected during ischemic or nephro-
toxic renal injury, hence NGAL is detectable in 
the urine as early as 3 hours after the onset of 
kidney damage. Plasma NGAL levels seem to 
have a stronger correlation with absolute neu-
trophil count than proinflammatory cytokines, 
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therefore lower plasma NGAL levels could still 
occur due to neutropenia in patients with sys-
temic inflammation [39]. However, urine NGAL 
levels may also be significantly increased in AKI 
patients with neutropenia if the tubular system 
is affected. As NGAL also has an antimicrobial ef-
fect by binding siderophores, it was also found 
valuable along with hepcidin – a main regulator 
of iron homeostasis – in the prognosis of sepsis-
related AKI. All in all, urinary NGAL elevation 
could reflect the decreased reabsorption of fil-
tered NGAL due to the dysfunction or injury of 
the proximal tubules while its expression could 
also be upregulated in the tubular system dur-
ing sepsis-related AKI [40-43].

KIM-1 is a transmembrane glycoprotein (MW= 
39 kDa) containing extracellular immunoglobu-
lin and mucin domains having a low expression 
in the kidney under physiological conditions. 
However, it is upregulated after ischemia-reper-
fusion injury, especially in proliferating de-dif-
ferentiated proximal tubular epithelial cells 48 
hours after injury. KIM-1 appears to be a high-
ly sensitive marker of AKI in non-cardiac surgi-
cal patients as well as after cardiac surgery. Per-
sistent serum KIM-1 elevation indicates ongoing 
tubular injury, potentially increasing the risk for 
the development of chronic kidney disease, 
while urinary KIM-1 also shows a similar corre-
lation to kidney injury [44-47].

CysC (MW=13 kDa) is constantly produced by 
all nucleated cells, filtered by the glomeruli, 
then mostly reabsorbed and catabolized in the 
proximal tubular cells. The measurement of se-
rum CysC was found to be preferable to sCr in 
patients after non-traumatic and traumatic am-
putation while also being superior in predicting 
cardiovascular events and mortality in elderly 
patients [48-50]. However, as CysC is a more reli-
able kidney function marker compared with sCr, 
it seems to be influenced by old age, large doses 
of corticosteroids, conditions affecting the thy-
roid gland, inflammation and malignancies. As 

the changes in sCr concentrations have some 
limitations, especially late in the clinical course 
of ICU patients, urine CysC seems to be unaf-
fected by several non-renal factors affecting 
creatinine levels in sepsis-related AKI [50-53].

RELEVANCE OF ACTIN AND 
THE ACTIN SCAVENGER SYSTEM

Actin

Actin is a multifunctional globular protein 
(MW=42 kDa) existing in monomeric/globular 
(G-actin) and in polymeric/filamentous (F-actin) 
forms. In acute tissue injuries the released ex-
tracellular actin is found to be highly toxic in the 
circulation due to its spontaneous polymerizing 
tendency causing unfavorable effects on the co-
agulation system. Gelsolin and Gc-globulin are 
the most important proteins of the so-called ac-
tin scavenger system which is responsible for 
binding and depolymerizing extracellular actin 
in the circulation, thus making the urinary ap-
pearance of these protein complexes unlikely 
[54-57]. However, an earlier study indicates 
that actin could be detected in the urine of kid-
ney transplant patients with sustained AKI [58]. 
Recently published data suggest that urinary ac-
tin (u-actin) could be a complementary diagnos-
tic biomarker to sCr in sepsis-related AKI while 
higher u-actin levels also seemed to reflect the 
severity of AKI [59]. Significantly different ad-
mission u-actin levels were found between 24 
control and 60 septic patients (median: 0.78 vs. 
3.98 µg/L, p<0.001), while samples from 17 sep-
tic non-AKI and 43 sepsis-related AKI patients 
also showed differences (median: 1.27 vs. 9.52 
µg/L, p<0.001) (Fig 1). Admission u-actin levels 
were even more elevated in 43 patients with 
sepsis-related AKI and were in good agreement 
with the severity of AKI stages (median: 3.16 vs. 
10.78 vs. 11.55 µg/L, p<0.05) (Fig 2). This ten-
dency remained the same when referring u-ac-
tin to urine creatinine. Parameters of first-day 
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septic patient samples could discriminate AKI 
from non-AKI state (AUC ROC, p<0.001): u-ac-
tin: 0.876; se-creatinine: 0.875. Derived cut-
off value for u-actin was 2.63 µg/L (sensitivity: 
86.0%, specificity: 82.4%). Although this study 
has several limitations, u-actin showed moder-
ate correlation with other urinary parameters. 
Furthermore, extremely elevated u-actin levels 
were found in sepsis-related AKI patients with 
RRT requirement. Despite actin being bound 
to the actin scavenger proteins (gelsolin, Gc-
globulin) in the circulation, u-actin could appear 
in the urine due to both severe glomerular and/
or tubular injury, so it seems that the elevation 
of u-actin indicates severe kidney injury (Figure 
1, Figure 2). 

Gelsolin

Gelsolin (GSN) is a multifunctional protein ex-
isting in three different isoforms. Secreted or 

plasma GSN (MW=83 kDa) is an essential compo-
nent of the extracellular actin scavenger system 
[55, 60, 61]. Besides actin, GSN may also bind to 
pro-inflammatory mediators and bacterial wall 
components (lipoteichoic acid, LPS). Since GSN 
seems to have a protective role in the body (e.g. 
by depolymerizing actin filaments in the circula-
tion), a growing body of evidence indicates 
decreasing GSN levels in various clinical condi-
tions (e.g. severe sepsis, multiple organ dysfunc-
tion syndrome (MODS), extensive trauma, acute 
liver failure, myocardial infarction) [62-64]. Our 
previous study showed as well that the increase 
of serum actin was inversely proportional to the 
amounts of serum GSN which was associated 
with increased mortality rate [65]. Furthermore, 
the simultaneous measurement of other inflam-
matory parameters and GSN levels may provide 
valuable information in the management of crit-
ically ill patients.

Figure 1 Urinary actin in sepsis. U-actin levels of  control and septic patients (A) 
along with sepsis and sepsis-related AKI patients (B) during follow-up

Time points: T1: within 24h after admission; T2: second day morning; T3: third day morning; 
n: sample count. **p<0.01; ***p<0.001. Reprinted with permission from Ragán et al. (2021) (CC BY 4.0) [59].
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Gc-globulin

Gc-globulin (MW=52-59 kDa) has 3 major iso-
forms (Gc1f, Gc1s, Gc2) while also being a 
member of the albuminoid superfamily, which 
consists of several transport proteins in the cir-
culation including albumin, alpha-fetoprotein 
and afamin [66]. Albumin is the most abundant 
human serum protein acting as a transporter of 
endogenous and exogenous substances includ-
ing thyroxine, fatty acids and drugs. Gc-globulin 
is mainly produced by the liver with a reference 
range of 300-600 mg/L, yet severely decreased 
levels of 50-120 mg/L were observed in acute in-
jury or sepsis. Gc-globulin is involved in the vi-
tamin D biosynthesis process by binding and 
transporting vitamin D metabolites while it also 
plays an important role in modulating cells of 
the adaptive immune response [67, 68]. Under 
physiological conditions, Gc-globulin is filtered 

freely through the glomeruli, then reabsorbed 
and catabolized by proximal tubular epithelial 
cells resulting only in a trace urinary excretion. 
Therefore, tubular kidney damage is expected 
to result in increased urinary Gc-globulin con-
centrations [69, 70]. There is only scarce data 
on urinary appearance of Gc-globulin in sepsis, 
yet this marker was already investigated in other 
conditions including endometriosis, diabetic ne-
phropathy and contrast-induced nephropathy as 
well [67, 71]. Recently, our research group start-
ed investigating urinary Gc-globulin/urine creat-
inine (u-Gc-globulin/u-Cr) levels in sepsis-relat-
ed AKI by conducting a small sample size pilot 
study. Compared to 6 control patients, signifi-
cantly elevated admission u-Gc-globulin/u-Cr 
levels were found in 9 septic and 12 sepsis-relat-
ed AKI patients (median: 1.8 vs. 21.5 vs. 136.7 
µg/mmol, p<0.001) (Figure 3). 

Figure 2 U-actin (A) and u-actin/u-creatinine (B) levels of  the individual 
sepsis-related AKI stages during follow-up

Time points: T1: within 24h after admission; T2: second day morning; T3: third day morning;  
n: sample count. *p<0.05; **p<0.01. Reprinted with permission from Ragán et al. (2021) (CC BY 4.0) [59].
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SUMMARY OF NOVEL BIOMARKERS 
IN SEPSIS-RELATED AKI

Despite their limitations and the heterogeneity of 
AKI itself, the discussed laboratory markers yield 
valuable information regarding the early diagno-
sis and effective prognosis of sepsis-related AKI. 
Most widely known laboratory markers includ-
ing TIMP-2xIGFBP-7, NGAL, KIM-1 and Cystatin 
C can be measured using commercially available 
diagnostic assays, thereby providing accurate 
results with a short turnaround time (less than 
1 hour). Serum GSN was measured using an au-
tomated immune turbidimetric assay developed 

in our laboratory with a short turnaround time 
(less than 1 hour) as well, yet this measurement 
method is not yet commercially available.

However, the measurement of u-actin and u-
Gc-globulin/u-creatinine was carried out using 
quantitative Western blot techniques, hence 
the routine clinical utility of these biomarkers is 
questionable. Therefore, our research group is 
currently working on the development of more 
rapid and efficient ELISA methods for measur-
ing u-actin and u-Gc-globulin/u-creatinine. All 
of the discussed laboratory markers are shown 
in Table 1.

Figure 3 Urinary Gc-globulin in sepsis and in sepsis-related AKI. 
Admission u-Gc-globulin/u-creatinine levels of  control, 
septic and sepsis-related AKI patients.

n: sample count. AKI: acute kidney injury. ***p<0.001.
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CONCLUSION

The early diagnosis and effective therapy of 
sepsis and sepsis-related AKI are essential for 
a successful recovery. However, the currently 
used biomarkers (sepsis: PCT, hs-CRP; AKI: se-
creatinine, urine output) show several limita-
tions regarding the diagnosis and prognosis of 
sepsis and AKI, hence investigating novel lab-
oratory markers may prove to be beneficial in 
achieving a more favorable outcome. Most of 
the discussed AKI biomarkers provide valuable 
information regarding the injury of the tubular 
system, yet the monitoring of serum and urinary 
actin levels along with measuring the proteins of 

the actin-scavenger system (GSN, Gc-globulin) 
could yield more complex information for the 
assessment of overall renal damage involving 
both glomerular and tubular sources of kidney 
injury. Moreover, the increase of these markers 
could yield valuable information regarding the 
need for the early initiation of RRT, thus poten-
tially attenuating renal injury and improving the 
outcome of sepsis-related AKI. Urinary mark-
ers provide a non-invasive tool for monitoring 
of inflammatory conditions. Since sepsis-relat-
ed AKI is a heterogeneous clinical syndrome, it 
seems that the measurement of a single mark-
er alone would be insufficient for accurate di-
agnostic and monitoring purposes. Therefore, a 

Table 1 Classification of  novel AKI biomarkers

Diagnostic utility based 
on renal injury site

Measurement method

Novel sepsis-related AKI biomarkers

Urine TIMP-2xIGFBP-7 
(MW=21 kDa)x(MW=29 kDa) Tubular injury Point of Care test

Urine NGAL (MW=25 kDa) Tubular injury Automated immune 
turbidimetric assay

Urine KIM-1 (MW=39 kDa) Tubular injury ELISA

Urine Cystatin C (MW=13 kDa) Tubular injury Automated immune 
turbidimetric assay

Actin scavenger system proteins

Urinary actin (MW=42 kDa) Glomerular and tubular injury Western blot

Serum Gelsolin (MW=83 kDa) Glomerular injury Automated immune 
turbidimetric assay

Urine Gc-globulin (MW=52-59 kDa) Glomerular and tubular injury Western blot

Abbreviations: TIMP-2: tissue inhibitor of metalloproteinases-2; IGFBP7: insulin-like growth factor-binding protein 7; 
NGAL: neutrophil gelatinase-associated lipocalin; KIM-1: kidney injury molecule-1; MW: molecular weight; 
ELISA: enzyme-linked immunosorbent assay.
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multi-marker approach involving various serum 
and urinary biomarkers and the complex evalu-
ation of the clinical parameters should improve 
patient management at the ICU.
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Internal quality control (IQC) regarding process to 
monitor analytical stability has a long tradition in lab-
oratory medicine. The satisfactory results with differ-
ent quality specifications of the IQC ensure the ac-
ceptability of the examination results. Although the 
statistical IQC is satisfactory some problems exist, re-
sulting in unreliable patients’ results due several rea-
sons (non-commutable control materials, lot to lot 
difference of reagents, false interpreting test results 
regarding autovalidation or autoverification, differ-
ent analytical and clinical specifications or goals etc.). 
Therefore, the results and findings of IQC have to be 
connected with external quality assessment (EQA) in 
order to provide the system of measurement of un-
certainty (MU) with correct interpretation of labo-
ratory result and detection relevant and significant 
shifts and drifts in medical laboratory.
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INTRODUCTION

IQC is an important tool within the laboratory 
testing to assure the quality of results produced 
in medical laboratories. It is one of the corner-
stones of the accreditation process of medical 
laboratories, primarily used in routine practice 
to monitor system performance under stable 
conditions and to allow analytical failures that 
affect performance to be detected [1,2]. The 
reliable tests depend on both IQC and EQA be-
ing performed. Commutability of reference and 
control materials in IQC and EQA is key to en-
suring the quality of measurements in labora-
tory medicine. The International Vocabulary of 
Metrology (VIM) defines the commutability of a 
reference material (RM) as the property demon-
strated by the closeness of agreement between 
the relation among the measurement results 
for a stated quantity in the material (employed 
as a calibrator), obtained according to two giv-
en measurement procedures, and the relation 
obtained among the measurement results for 
patient samples. In a simple way, the commut-
ability is the ability of an RM or control mate-
rial to show inter-assay properties comparable 
to those of human samples [3,4]. How to assess 
commutability has been covered in the Clinical 
and Laboratory Standards Institute (CLSI) guide-
lines and through the recommendations of the 
International Federation of Clinical Chemistry 
(IFCC) Working Group on Commutability (WG-
C) [5-9]. 

IQC PROGRAMS

There is considerable variation in laboratory 
practices with regard to the review of IQC, and 
the literature is not exhaustive on the subject 
of own control limits and its interpretation. This 
is the main difference regarding IQC from other 
scientific disciplines in comparison with labo-
ratory medicine where some questions have 
recently been raised about understanding of 

IQC [10]. Many efforts was made to stress the 
routine interpretation and challenges related 
to own results for IQC management including 
for the selected tumor markers and hormones 
which proved that the quality specifications 
based on biological variation best fit the analyti-
cal and clinical purpose of laboratory tests. We 
must be aware that the manufacturer’s meth-
od specifications and control ranges should be 
used carefully comparing with our results on 
field and our own analytical goals. While the av-
erage results in IQC tended to get closer to the 
manufacturer value by increasing the number 
of measurements, the analytical coefficient of 
variation (CVA) tended to increase. Most param-
eters showed significant differences between 
initial and cumulative CVA, which were lower 
than the manufacturer’s specifications [11]. 

EQA PROGRAMS

The EQA programs are optimal tools for evaluat-
ing the reliability of commercial measuring sys-
tems and the clinical suitability of measurements 
provided by clinical laboratories. However, EQAs 
must be appropriately structured. Efforts by 
EQA providers should be made to meet criteria 
allowing the evaluation of the performance of 
participating laboratories in terms of traceabil-
ity of their measurements. This requires assign-
ing values (and uncertainty) to control materials 
with reference measurement procedures, de-
fining and applying clinically allowable perfor-
mance specifications for judging the quality of 
results and using materials of proved commut-
ability. Only materials with proved commutabil-
ity are relevant for directly transferring of labo-
ratory testing to the measurement of patient 
samples [12]. 

UNCERTAINTY

By quantifying the measurement uncertainty 
(MU) or the previously used total allowable error 
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(TAE), both the clinical laboratory and the phy-
sician can have an objective estimate of the 
results’ quality. ISO 15189 declare that “labo-
ratory shall consider MU when interpreting 
measured quantity values. Upon request, the 
laboratory shall make its estimates of MU avail-
able to laboratory users” [1]. In our opinion MU 
should be available with interpretation on labo-
ratory report without any request from users. 

Different approaches and formulas have been 
proposed how to determine the MU in medi-
cal laboratory with imprecision and bias of the 
methods considered as components of the MU 
(Nordtest, Eurolab, Cofrac etc.). The bias could 
be obtained from certified reference calibra-
tors (CRC), proficiency tests (PT), and inter-lab-
oratory internal quality control scheme (IQCS) 
programs. The bias uncertainty, the combined 
and the expanded uncertainty could be esti-
mated using the different mentioned models or 
approaches. In our study the bias was highest 
using PT, followed by CRC and IQC data, which 
were similar. The Cofrac approach showed the 
highest uncertainties and the Eurolab approach 
requires additional measurements to obtain 
uncertainty data. In summary, the Nordtest ap-
proach using IQC data was therefore found to 
be the most practical formula [13-15]. 

COMMUTABILITY

IQC and EQA materials are frequently not as-
sessed for commutability because of technical 
and economic concerns. The use of single-do-
nor samples, which is preferable to overcome 
commutability problems, may however limit 
the achievement of adequate volumes of sam-
ples needed for preparing sufficient amount of 
control materials [16,17]. On the other hand, 
pooled samples have the potential limitation 
that interactions of components such as pro-
teins may cause modification of the matrix.The 
European Federation of Laboratory Medicine 

(EFLM) has recently stressed the need that the 
especially EQA material matrix and its com-
mutability should be specified by providers, 
because the interpretation of differences be-
tween results in an EQA program is strongly de-
pendent on the nature of the employed mate-
rial [18]. Based on the results of some projects 
of analytical performance in general clinical 
chemistry using commutable samples target-
ed with reference measurement procedures 
it’s obvious that the use of commutable sam-
ples especially in EQA is mandatory to change 
conventional EQA using non-commutable ma-
terials and consensus ‘peer’ group assessment 
with the EQA programme based on clinically 
oriented analytical performance specifications 
that meet metrological criteria and traceability 
[19-21]. The commutability also matters for IQC 
materials that should be used by clinical labora-
tories to derive the random component of the 
uncertainty of measured results. The material 
evaluating the random uncertainty must be dif-
ferent from the control material used for check-
ing the alignment of the measuring systems 
and should be commutable, closely resembling 
to patient sample, to provide accurate informa-
tion about the imprecision performance of the 
assay [22-23]. 

DISCUSSION

We provided a brief overview of the practical 
importance of IQC in connection with EQA pro-
grams using commutable materials in labora-
tory medicine. They have to be employed ei-
ther as common calibrators for implementing 
metrological traceability or as control materi-
als in EQA and IQC programs within the total 
testing pathway. The use of non-commutable 
RMs may introduce a significant bias in the cali-
brated procedures producing incorrect results 
for patient samples. The non-commutable ma-
terials in EQA programs prevents the transfer-
ability of participating laboratory performance 
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to the measurement of patient samples. Only 
commutable control materials may provide the 
proper information for the imprecision, bias 
and estimation of measurement uncertainty. 
Providers of reference and control materials 
should assess the commutability of those mate-
rials before their use. 

The importance of commutability has essential 
role in standardization and accreditation pro-
cess, consistent clinical decisions and improv-
ing patient outcomes with additional use and 
rarely implemented of patient’s test results for 
laboratory QC monitoring. The only exception is 
haematology testing where Bull’s patient based 
real-time QC algorithm which was accepted 
and implemented in routine QC practices [24]. 
In the last two decades we have faced progress 
with the improved laboratory total automation, 
information technology and standardization/
harmonization of laboratory methods, so there 
are no more obstacles and limitations for such 
algorithms and use of “big data” in laboratory 
QC monitoring processes. 
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A R T I C L E  I N F O A B S T R A C T

Lysosomal storage disorders (LSDs) are a group of 
rare and genetic diseases produced by mutations 
in genes coding for proteins involved in lysosome 
functioning. Protein defect leads to the lysosomal 
accumulation of undegraded macromolecules in-
cluding glycoproteins, glycosaminoglycans, lipids, 
and glycogen. Depending on the stored substrate, 
several pathogenic cascades may be activated lead-
ing to multisystemic and progressive disorders af-
fecting the brain, eye, ear, lungs, heart, liver, spleen, 
kidney, skin, or bone. In addition, for some of these 
disorders, hematological findings have been also re-
ported. In this paper, we review the major hemato-
logical alterations in LSDs based on 56 case reports 
published between 2010 and 2020. Hematological 
alterations were reported in sphingolipidosis, muco-
polysaccharidoses, mucolipidoses, neuronal ceroid 
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lipofuscinosis, glycogenosis, glycoproteinosis, 
cystinosis, and cholesteryl ester storage dis-
ease. They were reported alterations in red cell 
linage and leukocytes, such as anemia and mor-
phology changes in eosinophils, neutrophils, 
monocytes, and lymphocytes. In addition, 
changes in platelet counts (thrombocytopenia) 
and leukocyte abnormalities on non-peripheral 
blood samples were also reported for some 
LSDs. Although in most of the cases these he-
matological alterations are not pathognomonic 
of a specific disease or group of LSDs, since 
they can be easily identified in general clinical 
laboratories, their identification may contrib-
ute to the diagnosis of these disorders. In this 
sense, we hope that this review contributes to 

the awareness of the importance of hemato-
logical alterations in the diagnosis of LSDs.



1. INTRODUCTION

Lysosomal storage disorders (LSDs) are a group of 
monogenic metabolic diseases produced by mu-
tations in genes encoding for proteins involved in 
the lysosomal function. These mutations lead to 
the synthesis of proteins with none or reduced 
activity, producing the progressive accumu-
lation of partially degraded substrates into the 
lysosome [1]. Although the clinical, diagnostics, 
and pathophysiology can be heterogeneous, the 

Table 1 Classification of  lysosomal storage disorders

Group of LSD 
(Accumulated substrate)

Disease Inheritance
OMIM 

number

Glycogenoses 
(Glycogen)

Danon Disease X-LD 300257

Pompe Disease AR 232300

Glycoproteinoses 
(Glycoproteins)

Aspartylglucosaminuria Disease AR 208400

Fucosidosis AR 230000

Galactosialidosis AR 256540

α-Mannosidosis AR 248500

β-Mannosidosis AR 248510

Schindler Disease AR 609241

Sialidosis AR 256550

Mucolipidoses 
(Mucolipids) Type I-IV AR 252500

Mucopolysaccharidoses 
(Glycosaminoglycans) Type I (Hurler Syndrome) AR 607014
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Type II (Hunter Syndrome) X-LR 309900

Type III (Sanfilippo Syndrome) AR 252920

Type IV (Morquio Syndrome) AR 253000

Type VI (Maroteaux -Lamy Syndrome) AD 184095

Type VII (Sly Syndrome) AR 253220

Type IX (Natowicz Syndrome) AR 601492

*MPS-Plus syndrome AR 617303

Neuronal ceroid lipofuscinoses 
(Lipofuscin) Type I – VIII AR 256730

Sphingolipidoses 
(Sphingolipids)

Fabry Disease X-L 301500

Farber Disease AR 228000

Gaucher Disease AR 231000

GM1 Gangliosidoses AR 230500

GM2 Gangliosidoses AR 272800

Metachromatic leukodystrophy AR 250100

Niemann-Pick A, B, C AR 257200

Krabbe Disease AR 245200

Unclassified LSD

Cystinosis AR 219750

Cholesteryl ester storage disease AR 278000

Free sialic acid deposition disorders AR 269920

Multiple sulphatase deficiency AR 272200

Pycnodysostosis AR 265800

AR: Autosomal recessive. X-LD: X-linked dominant. X-LR: X-linked recessive. *Recently described in Turkish and Yakut 
(Russian) patients (See [13]). Note that MPS V (Sheie syndrome) is not included in the table since it was later recognized 
as an attenuated form of MPS I. Similarly, MPS VIII is not included since after being proposed, it was recognized as a 
laboratory pitfall and the proposal was withdrawn [14]. 
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LSDs can be classified into 7 groups according to 
the accumulated general substrate (Table 1).

The diagnosis of a LSDs is based on clinical evalu-
ation of the patient and laboratory tests such as 
the evaluation of the enzymatic activity [2], or 
the primary stored substrate (e.g., glycosamino-
glycans, oligosaccharides, sphingolipids, and gly-
cogen, among others) [3, 4]. Molecular diagnosis 
is still difficult considering the lack of complete 
understanding of the clinical implications of nov-
el variants [5-7]. Nevertheless, molecular diag-
nosis should be considered during the diagnosis 
of some LSDs, such as neuronal ceroid lipofusci-
nosis [8]. Moreover, lyso-Gb3 for Fabry disease 
(FD) or macrophage inflammatory protein 1-al-
pha (MIP-1α) in Gaucher disease (GD) have been 
suggested as novel biomarkers of these LSDs [5]. 
Chitotriosidase has also been proposed as a bio-
marker for some LSDs such as GD [9], cystinosis 
[10], GM1 gangliosidoses [11], and Niemann-Pick 
type C [12]. Particularly in GD, some hematolog-
ical alterations on macrophages are frequent-
ly found in both smear blood and biologic fluids 
(i.e., Bronchoalveolar lavage-BAL), which may 
contribute to the diagnosis. Nevertheless, leu-
kocyte abnormalities also can be found in other 
LSDs. In this review, we described the major he-
matological alterations in LSDs found in 56 case 
reports published between 2010 and 2020. Ref-
erence values of all hematological findings were 
adjusted to the guidelines on standard operating 
procedures for hematology of the World Health 
Organization (WHO).

2. LSD AND GENERAL DIAGNOSIS

Lysosomes were first described in the 1950s by 
Christian De Duve, who recognized the role of 
this organelle in the degradation and recycling of 
intracellular and extracellular macromolecules 
[15]. During the last decade, they have been rec-
ognized other lysosomal functions due to the 
fundamental role as a metabolic hub, influencing 

and sensing diverse nutrient processes, secre-
tion, gene regulation, plasmatic membrane re-
pair, ionic homeostasis, immune response, and 
cholesterol transport, among others [16]. The ly-
sosomal biogenesis is triggered by the transcrip-
tion factor EB (TFEB), which is a master regulator 
of the lysosomal biogenesis and influences the 
interaction of the lysosome with other organ-
elles and the cellular homeostasis [16].

LSDs are a group of about 70 monogenic met-
abolic disorders caused by the deficiency of a 
specific protein (i.e., enzyme, transporter, or 
cofactor) involved in the lysosomal function. 
This deficiency leads to the lysosomal accumu-
lation of partially degraded substrates that gen-
erates and spectrum of clinical manifestations 
depending of the stored substrate and the af-
fected tissues [17]. LSDs have an overall preva-
lence between 1 in 4,000 and 7,000 live births. 
Nevertheless, the exact prevalence of LSDs is 
difficult to calculate due to their wide hetero-
geneity, which sometimes leads to misdiagnosis 
[5]. An important group of LSDs are associated 
with central nervous system (CNS) impairment, 
while others are mainly characterized by their 
effect on peripheral organs. The reader is re-
ferred to recent review for more details about 
LSDs [18].

3. DIAGNOSIS

Given the enormous heterogeneity found in 
the LSDs, the diagnosis is always a challenge, 
and it requires a common effort between cli-
nicians, biochemists, and medical laboratory 
scientists to achieve an adequate and timely di-
agnosis. In this sense, clinical suspicion should 
be accompanied by accurate routine and spe-
cialized laboratories. 

3.1 Clinical approach 

LSDs clinical manifestation mainly depends on 
the stored substrate and the affected tissues. 
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Usually, the storage substrate occurs in the or-
gans where the substrate is synthesized (i.e., 
liver, spleen, bone, brain, muscle). In this sense, 
the accumulation of the substrate will generate 
a disruption of the cellular homeostasis, induc-
ing cellular damage, mitochondrial stress, apop-
tosis, dysregulation of redox processes, and 
disruption of the lysosome in/out transport [19-
21]. Phenotypic features of patients with LSDs 
vary depending of the stored substrate and may 
include coarse face, short stature, skeletal ab-
normalities, hepatosplenomegaly, cardiac and 
lung disease, eye and ear impairment, and cen-
tral nervous system involvement [5, 18].

3.2 Laboratory approach

As previously noted, the diagnostic confirma-
tion of a LSD requires a specialized laborato-
ry including the identification of biomarkers 
(e.g., stored substrate quantitation), deter-
mination of enzymatic activities, and molec-
ular diagnosis. In these scenarios, important 
advances have been reached. For instance, 
the measure of GAGs by several qualitative 
and quantitative methods such as alcian blue, 
toluidine blue, paper, and thin-layer chroma-
tography, high-pressure chromatography, gas 
chromatography, mass spectrometry is used 
in MPS diagnosis and follow up [22]. Collagen 
type II, β-galactosidase, nidogen-1, and fatty 
acid-binding protein are also used in MPS [23]. 
For FD, it has been proposed the globotriao-
sylsphingosine determination, whereas the 
measure of chitotriosidase is used for GD. Oth-
er biomarkers for GD include glucosylsphingo-
sine, macrophages protein 1-alpha and 1-beta, 
cathepsin K and osteopontin [23]. For sphingo-
lipidoses such as Krabbe, the psychosine has 
been described as a biomarker, which may de-
termine the progression of the disease [23], 
whereas the cholestane-3β, 5α, 6β-triol (C-tri-
ol), and 7-ketoholesterol seem to be a sensible 
biomarker in Niemann-Pick type C (NPC) [24, 

25]. In glycogenoses, as in Pompe disease, the 
most known biomarker is tetrasaccharide glu-
cose (Glc4), which correlates with therapy re-
sponse. Other two biomarkers, myostatin and 
insulin-growth factor I (IGF-I), can also be used 
in Pompe disease [23, 26]. These biomarkers 
could be useful in pseudo-deficiencies, as re-
ported for MPS I, MPS VII, and GD [27, 28], for 
which the traditional biochemical tests not al-
ways lead to a specific diagnosis. The enzyme 
activity determination is the gold standard for 
the diagnosis of LSDs produced by the impair-
ment of an enzyme. This activity can be as-
sayed in a wide range of biological samples 
such as plasma, serum, leukocytes, cultured 
fibroblasts, chorionic villi, amniotic fluid, cul-
tured amniocytes, and dried blood spots [29]. 
Finally, the molecular diagnosis can helpful 
to establish the diagnosis and genetic coun-
seling interventions [3], and is the gold stan-
dard for other conditions as neuronal ceroid 
lipofuscinosis [8]. Nevertheless, biomarker-, 
enzyme activity-, or molecular-based diagno-
sis of LSDs requires highly specialized facilities 
and trained personnel. In contrast, the analy-
sis of the hematological abnormalities, which 
can help in the diagnosis of some LSDs, can be 
performed in low and high-complexity labora-
tories. In this sense, in the next sections, we 
will review the complexity of the hematopoi-
etic system and the major alterations report-
ed in some LSDs.

4. OVERVIEW OF THE 
HEMATOPOIETIC SYSTEM

Hematopoietic stem cells (HSC) are considered 
the foundation of the adult hematopoietic sys-
tem and have a crucial role in the long-term 
maintenance and production of all mature 
blood cell lineages. Pioneering studies by Till 
and McCulloch, 1960 and Becker et al., 1963; us-
ing transplantation experiments demonstrated 
the clonality of the adult hematopoietic system 
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and indicated that the majority of blood cells 
originate from very few/unique multipotent 
HSCs capable of proliferation, differentiation, 
and self-renewal [30]. These HSC-independent 
hematopoietic cells originate in the embryo 
and persist in the adult hematopoietic system 
[31, 32]. Whereas thrombopoietin, erythropoi-
etin, colony-stimulating factor, and some inter-
leukins promote the HSCs proliferation; several 

cytokines promote the HSC differentiation into 
multipotential colony-forming progenitor units 
(CFU) including: CFU-GEMM (Granulocytes, 
Erythrocytes, Monocytes, Megakaryocytes) for 
the myeloid lineage and CFU-Li (T, B or NK cells) 
for the lymphoid lineage (Figure 1) [33, 34]. 

Since mature blood cells derived from HSC con-
tain all the eukaryotic organelles, including lyso-
some, substrate accumulation observed in LSDs 

Figure 1 Hematopoietic landscape. HSCs are cells with unique characteristics 
of  self-renewal, pluripotency, and differentiation

Several pathways have been described like positive (+) and negative (-) modulators of self-renewal [35, 36]. Upon 
intrinsic and extrinsic signals (cytokines, growth factors, and transcription factors), HSCs can give origin to GFU-
GEMM and CFU-Li to myeloid and lymphoid precursors, respectively [37]. In contrast with the BM, where the blood 
cells precursors are present, in the bloodstream only mature cells are found which are virtually distributed around the 
body. All the blood cells, except the erythrocyte and platelets, maintain their organelles including the lysosomes. This 
figure was created using BioRender.com.

http://BioRender.com
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can affect not only the hematopoietic precur-
sors but also the most differentiated cells as red 
blood cells, leukocytes, and thrombocytes or 
even platelets [38, 39]. In Table 2, we summarize 

the normal values for the blood count and in 
the next sections, we describe the normal find-
ings of the blood cells as well as their alteration 
in the LDS context.

Table 2 Reference values of  hemogram

Values have been adjusted from WHO guidelines [40].

Lineage Parameter Units 0-2 years 2-5 years Men Women

Red cell 
lineage

Red blood cells Cells/µL 4.5±0.8 4.6±0.7 5x106 4.5x106

Hemoglobin g/L 120 ± 15 125 ± 10 140 - 175 123 - 153

Hematocrit % 36 ± 3 37 ± 3 42 - 50 36 - 45

MCV fL 78±8 81±6 87±7

MHC pg 27±4 27±3 29±2

RDW % 13.6 ± 2 12.8 ± 1.2 13 ± 1.5

Reticulocytes % 1.0 ± 0.8 <2

Leukocytes

Leukocyte count Cells/µL 6x103 - 7x103 5.5x103 – 15.5x103 4x103 - 11x103

Lymphocytes
Cells/µL 3x103 – 9.5x103 2x103 – 8x103 1x103 - 4x103

% 44 – 74 35 – 65 20 – 40

Monocytes
Cells/µL 0.5x103 0,15x103 - 0,9x103

% 5 2-8

Neutrophils
Cells/µL 1,5x103 - 8,5x103 2,5x103 - 8,0x103

% 15 - 45 25 - 57 55 - 65

Eosinophils
Cells/µL 0,3x103 0,05x103 - 0,5x103

% 3 1 - 3

Basophils
Cells/µL 0,1x103 0,025x103 - 0,1x103

% 0 - 1

Platelets Platelets Cells/µL 200x103 - 400x103 150x103 - 450x103
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5. HEMATOLOGICAL 
ABNORMALITIES IN LSDS

We found a total of 51 articles that included 56 
LSDs cases in which hematological parameters 
were evaluated. The reported cases included 26 
sphingolipidosis, 13 MPS, 3 ML, 3 neuronal ce-
roid lipofuscinosis (NCL), 2 glycogenosis, 2 gly-
coproteinosis, 1 cystinosis, 1 cholesteryl ester 
storage disease (CESD), and 1 unclassified LSDs. 
Male patients were more frequently reported 
than females (57.2% male vs 42.8% female). 
The age for male patients was between 2 weeks 
and 68 years; whereas females ranged from 
newborn to 69 years. We focused on the hema-
tological parameters before the establishment 
of any clinical intervention to identify baseline 
values and morphological changes in blood cells 
that could be associated with the disease. All 
data is summarized in Table 3. 

5.1 Red cell lineage

Anemia was reported in 30.3% of the cases 
(17/56), with GD having the highest number of 
reports (64.7%), followed by cystinosis, CESD, 
NPC, ML IV, MPS I, and aspartylglucosaminuria, 
with 5.9% each one. Based on the MCV, 3 cases 
of microcytic anemia (MCV <80fL) were identi-
fied, all of them corresponding to GD. Although 
mild anemia was the main finding, one case 
reported a severe microcytic hypochromic ane-
mia (Hb: 50 g/L; MCV: 66 fL, MCH: 19.4 pg) in 
a 1-year-old man diagnosed with GD type 1 
with slight anisocytosis and poikilocytosis [41]. 
Interestingly, a 69 years-old Japanese female 
with GD type 1 and gastric cancer had a reduc-
tion in the erythrocytes count (3.98x106/µL) and 
hematocrit levels (34,6%), with marked reticu-
locytosis (20%) [42]. In this patient, a novel mu-
tation c.587A>G (p.K157R) in the GBA gene was 
reported; however, the impact of this mutation 
on the β-glucocerebrosidase was not evaluated.

5.2 Leukocytes

As previously described, LSDs are a group of 
metabolic disorders characterized by substrate 
accumulation into the lysosome [1]. In this 
sense, it could be expected that the major he-
matological findings are related to the leuko-
cyte morphology due to the presence of organ-
elles in these cells [43]. The reader is referred to 
some of the reviewed publications for represen-
tative images of leukocytes alterations [44-48].

5.2.1 Granulocytes

Basophil abnormalities were not reported on 
any of the revised cases. On the other hand, eo-
sinophils with enlarged and sparse granules in 
the blood smear were reported in three cases 
of GM1 gangliosidoses [44, 49, 50]. Although 
these alterations have been recognized since 
early reports as frequent alterations of GM1 
gangliosidoses [51], they are not routinely in-
vestigated as part of suspicion of GM1 gangliosi-
doses unless the absolute leukocyte count is al-
tered. Eosinophils with deep pink-blue granules 
were reported in a MPS type VI female patient, 
as well as abnormal lobulation on neutrophils 
[52]. These findings were observed after an al-
teration in the automated analysis, which led to 
a suspicion that was later confirmed as pseudo-
basophilia. On the other hand, the Alder-Reilly 
anomaly was identified on neutrophils from 
MPS I, IV, and VI patients [45, 52-55], repre-
senting a potential finding for this LSD group. 
Although we did not find the Alder-Reilly anom-
aly in the reports for other LSDs, it is not pos-
sible to discard its presence in entities different 
than MPS. In addition, Alder-Reilly inclusions 
must not be confused with toxic granulations 
that are restricted to neutrophils in a transitory 
form during an inflammatory process [43].

5.2.2 Monocytes

Despite the crucial role of monocytic cells, 
morphology alterations were not frequently 
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reported in the peripheral blood of LSDs pa-
tients. However, some dense blue/purple-black 
granules have been occasionally reported in 
monocytes from MPS patients [54, 55], which 
are metachromatic after toluidine staining [46]. 
Nevertheless, the most common findings on 
monocytes seem to be restricted to the phago-
cytic activity of the macrophages from BM, liv-
er, and spleen. These changes will be discussed 
later.

5.2.3 Lymphocytes

Morphologic alterations in lymphocytes were 
reported in almost all the LSDs cases reviewed. 
Vacuolated lymphocytes were reported in 
GM1 gangliosidoses [49, 56], ML [57], and 
MPS III [58]. This vacuolization was accompa-
nied by Alder-Reilly inclusions in MPS IIIA [47], 
MPS IIIB [59], MPS IV [54] and MPS VII [59]. 
In ML type II (I-cell disease) vacuole-like inclu-
sions are frequently observed on lymphocytes, 
in which accumulation of HLA class II mol-
ecules have been observed, suggesting a role 
of N-acetylglucosamine-1-phosphotransferase 
in the immune system [60]. In this sense, the 
study of the chemical nature of the inclusions 
may increase our knowledge about the physio-
pathology of the disease and lead to the iden-
tification of novel therapeutic targets. On the 
other hand, atypical and reactive states of lym-
phocytes were reported in one case of GD [61] 
and aspartylglucosaminuria [62], respective-
ly. Also, electronic microscopy of peripheral 
blood samples allowed the identification of cy-
toplasmatic vacuoles containing electrodense 
periodic structures in lymphocytes from NCL 
patients [63-65].

In Pompe disease, it has been reported that vac-
uolation of lymphocytes [66] is a consequence 
of the lysosomal glycogen accumulation [67]. 
Electronic microscopy of peripheral blood cells, 
allowed the identification of inclusions in sam-
ples from Pompe disease patients [68]. Despite 

vacuolization is being suggestive of lysosomal 
storage, the use of a specific glycogen staining 
(i.e., periodic acid-Schiff, PAS), allows a more 
accurate diagnostic impression. This was vali-
dated by Hagemans et al., through the analysis 
of PAS-stained blood films obtained from 65 pa-
tients with classical infantile and adult forms of 
Pompe disease, with a sensitivity and specificity 
of 100% and 98%, respectively [69].

5.3 Platelets

We found platelet counts in 25 out of the 56 case 
reports reviewed. In 60% of the cases (15/25), it 
was reported a marked thrombocytopenia (< 95 
x103cells/µL), without abnormalities in the mor-
phology. Although most of the reports are from 
GD patients (7/15) [48, 70, 71], it was also report-
ed in Niemann-Pick type B [72] and C [73]; MPS 
II [74], MPS VII [75], aspartylglucosaminuria [62], 
and cystinosis [76]. One case of thrombocytosis 
(595 x103cells/µL) was reported in a 5 months-
old female Pompe disease patient [66], whereas 
in one case the use of electronic microscopy al-
lowed the visualization of granular inclusions on 
platelets from a 59 years-old Pompe disease pa-
tient [68]. 

5.4 Leukocyte abnormalities 
on non-peripheral blood cells

The major goal of this review article was to de-
scribe the more common hematological find-
ings in LSDs with a particular focus on the blood 
smear due to its routine use in medical labora-
tories. Nevertheless, interesting changes of leu-
kocytes, particularly in monocyte-derived lin-
eage, have been registered in several biological 
samples which are summarized in Table 4. For 
instance, for GD it has been described the pres-
ence of Gaucher cells in BM [80, 86]. Gaucher 
cells are very large cells, usually macrophages, 
with a diameter between 20 and 80 µm with a 
small and eccentrically placed nucleus as well 
as a cytoplasm with wrinkles or striations [87]. 
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Table 3 Summary of  hematological abnormalities in LSDs patients

LSD
Red 
cell 

lineage

White line

Platelets Ref.
Eosino-

phils
Neutro-

phils
Mono-
cytes

Lympho-
cytes

Gaucher Anemia Atypical Thrombocytopenia
[41, 48, 

61, 70, 71, 
77-80]

Niemann-Pick Anemia Thrombocytopenia
[72, 73, 
81, 82]

GM1 
Gangliosidoses

Enlarged 
and sparse 

granules
Vacuolated

[44, 49, 
50, 56]

Pompe
PAS-

positive 
vacuoles

Thrombocytosis
[66, 68, 

69]

Cystinosis Anemia Thrombocytopenia [76]

CESD Anemia [83]

MPS I AR [45]

MPS II AR Thrombocytopenia [53, 74]

MPS III A-B
Vacuoles 
with AR

[47, 58, 
59]

MPS IV AR

Blue/
purple-
black 

granules

AR [54]

MPS VI
Deep 

pink-blue 
granules

Abnormal 
lobulation 

and AR

Red-
violet 

granules

[46, 52, 
55]

MPS VII
Vacuoles 
with AR

Thrombocytopenia [75, 84]

ML II Vacuolated [57, 60]

ML IV Anemia [85]

Asp. Anemia Reactive Thrombocytopenia [62]

MPS: Mucopolysaccharidosis. ML: Mucolipidosis. CESD: Cholesteryl ester storage disease. AR: Alder-Reilly anomaly. 
Asp: Aspartylglucosaminuria.
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Sample
Tech-
nique

Leukocyte 
lineage

Findings LSD Reference

BM

GS Myeloid
Histiocytes containing 
refractile crystal in the 

cytoplasm
Cystinosis [76]

HES Myeloid *Gaucher cells Gaucher disease
[41, 48, 77, 
79, 86, 92, 

93]

EM Myeloid *Gaucher cells Gaucher disease [80]

APS Myeloid Histiocytes strongly 
positive Gaucher disease [42]

GS Myeloid Foamy macrophages Niemann Pick 
disease [81, 88]

TBS Myeloid Macrophages with 
metachromatic granules MPS III [58]

WRS/GS Lymphoid
**Azurophilic inclusions 
type dots or commas in 

plasma cells
MPS IIIA [47]

Spleen HES Myeloid *Gaucher cells Gaucher disease [70]

BAL PPS Myeloid Foamy macrophages Niemann Pick 
disease [89]

Liver 
biopsy NA Myeloid Foamy macrophages Niemann Pick 

disease [90]

CSF WRS/GS Myeloid

Intracytoplasmic 
granules in 

macrophages with 
haloes

MPS I [91]

Table 4 Leukocyte abnormalities in non-peripheral blood samples 
from LSD patients

BM: Bone marrow. BAL: Bronchoalveolar lavage. CFS: Cerebrospinal fluid. MPS: Mucopolysaccharidosis. NA: Not avail-
able. GS: Giemsa staining. HES: hematoxylin and eosin staining. EM: Electron microscopy. APS: Acid phosphatase stain. 
TBS: Toluidine blue staining. WRS: Wright staining. PPS: Papanicolaou stain. *Despite these cells could be suggestive of 
Gaucher disease, the presence of pseudo-Gaucher cells in bone marrow can address an erroneous diagnosis impression 
when routine hematoxylin-eosin staining is performed. To identify true Gaucher cells, iron staining is recommended and 
typically the presence of diffuse iron staining should be observed in Gaucher cells which is absent on pseudo-Gaucher 
cells [94]. **These findings are compatible with MPS I, II, and III when are present on peripheral lymphocytes; however, 
if these inclusions are found in plasma cells on bone marrow the major clinical suspicion is MPS III.
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Likewise, in Niemann Pick disease type B and 
C foamy macrophages have been observed in 
BM, bronchoalveolar lavage, and liver biopsy 
[88-90]. Histiocytes with refractile crystal in BM 
[76], and macrophages with intracytoplasmic 
granules in cerebrospinal fluid [91], were found 
in cystinosis and MPS I, respectively. Finally, azu-
rophilic inclusions in plasma cells were found in 
BM from MPS IIIA patients [47].

6. CONCLUSIONS AND PERSPECTIVES

In LSDs, the accumulation of undegraded mac-
romolecules into the lysosome triggers complex 
pathogenetic cascades leading to the clinical 
manifestations of these diseases. Impaired me-
tabolism of lysosomal substrates may affect the 
autophagic-lysosomal system, the ubiquitin-
proteosome system, the lysosome membrane 
permeability, and promotes inclusion body for-
mation, dysregulation of the signaling pathway, 
inflammation, calcium homeostasis abnormali-
ties, mitochondrial dysfunction, and oxidative 
stress [18].

These cellular changes may affect several tis-
sues leading to different clinical manifestations, 
including hematological alterations. Although 
these hematological alterations may not be 
common findings in LSDs, they may contribute 
to the diagnosis of the disease, especially con-
sidering that the tests to evaluate these hema-
tological abnormalities are available in most 
clinical laboratories. Nevertheless, health care 
professionals need to be aware of hematologi-
cal alterations and correlate them with patient 
symptoms and other clinical laboratory results. 
In addition, it is necessary to extend the study 
of hematological alterations to other LSDs 
to explore the potential of these abnormali-
ties as a biomarker for diagnosis or treatment 
follow-up.
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A R T I C L E  I N F O A B S T R A C T

Objective

An early rule in (high specificity and high PPV) and ear-
ly rule out (high sensitivity and high NPV) is essential 
for diagnosing acute myocardial infarction (AMI) to 
provide better utilization of resources, cost-effective-
ness, and to reduce mortality. 

Methods

Consecutive chest pain patients (n=80) with symptoms 
indicative of coronary artery disease reported to the 
emergency room within 6 hours after onset of symp-
toms. An alternate Dual Marker Approach (DMA; both 
Heart-type Fatty Acid Binding Protein (H-FABP) and 
High sensitive Troponin-I (hsTnI) at 0 h) was compared 
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to the Double Sampling approach (DSA; hsTnI at 
0 h and 3 h (ESC guidelines)).

Results

If both biomarkers were increased (n=17; 77.5%: 
11 STEMI and 6 NSTEMI) above their respec-
tive cut-off value (HFABP 6.3 ng/mL and hsTnI 
20.24 ng/L) at presentation, AMI ensued (100% 
PPV). Also, if both the markers were below their 
respective cut-offs at presentation, AMI was 
safely ruled out (n=41; with only 1 false nega-
tive). However, among the patients with either 
of these markers above their respective cut-off 
at presentation (n=22), DSA was required to 
find remaining AMI cases (n=4). Overall, DMA 
stands best for rule out (sensitivity 95.5%, NPV 
97.6%) while DSA is superior for rule in (98.2% 
specificity, 95.2% PPV).

Conclusion

With the use of the proposed DMA, 58/80 (72.5%) 
patients with acute chest pain were reliably ruled 
in/ruled out for AMI at the presentation itself, 
while the remaining patients still required serial 
monitoring (DSA) for confirmation.



INTRODUCTION

Early diagnosis and treatment of acute myo-
cardial infarction (AMI) cases during the first 
hour (golden hour) after symptoms may reduce 
mortality from 9% to 3% 1. Similarly, identifying 
patients without AMI and safely sending them 
home may result in considerable advantages for 
both patients and hospitals. ECG changes (ST 
elevation) and cardiac troponins (cTn), though 
highly specific, may not be apparent in the ini-
tial hours. Previous studies revealed that ECG 
misinterpretation might result in inappropri-
ate clinical management in about 3-18% of pa-
tients1-3. Likewise, an inadequate increase in cTn 

and increasing duration may occur in cases of 
microinfarction4.

The continuous improvement of the analytical 
sensitivity and assay precision in the low mea-
suring range of cardiac troponin (cTn) assays has 
ultimately led to the development of ‘high-sen-
sitivity troponin (hsTnI and hsTnT) assays5. The 
International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) task force sug-
gested that cTn should be reliably measurable in 
>80% (preferably >95%) of healthy subjects, and 
the total imprecision (CV) at the 99th percentile 
value should be ≤10% 5-7. High-sensitivity car-
diac troponin I (hsTnI) assays measure the same 
analyte as its predecessor cardiac Troponin I 
(cTn-I) with limits of detection (LoD) in ranges 
that were previously undetectable.

This additional sensitivity leads to the detection 
of cTn release at an earlier time point than the 
previous generations of cTn assays, especially 
in patients with a recent onset of chest pain. 
Most patients with AMI can be reliably identi-
fied within 3 h after admission, which indicates 
that the observation time in the emergency 
department may be reduced to rule out AMI8. 
However, in patients with 3 h values unchanged, 
in whom the pre-test likelihood of AMI is high, 
additional subsequent sampling (e.g., after 2 or 
3 h) may still be advisable5. However, the sensi-
tivity of the 99th percentile to rule-out AMI is 
too low for clinical use9, and diagnosis of AMI 
cannot be made solely based on troponin I indi-
vidual test results5. Thus, the role of early rule 
in (high positive predictive value) and early rule 
out (high sensitivity) algorithms is critical. 

Heart-type fatty acid-binding protein (H-FABP), 
a novel biomarker, is one of the most abundant 
proteins in cardiomyocytes, comprising 5-15% 
of the total cytosolic protein pool. It leaks out of 
myocardial tissue. The concentration increases 
in the blood within 2 hours and is reported to 
peak at approximately 4-6 hours and returns to 
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the normal baseline value in 20 hours10. Recent 
studies have shown that combined with well-
established markers such as hsTnI, H-FABP may 
allow early and accurate rule out compared to 
the currently available diagnostic tests11.

The present study aimed at two different algo-
rithms in terms of diagnostic performance and 
ROC analysis among the acute chest pain patients 
presenting within 6 hours of onset of symptoms. 
First, the Double Sampling Approach (DSA), i.e., 
collecting two samples for hsTnI drawn at pre-
sentation (at 0 hour) and after 3 hours. The sec-
ond, Dual Marker Approach (DMA) estimates 
hsTnI and HFABP simultaneously at presentation 
(at 0 hour).

MATERIAL AND METHODS

Patient’s selection

This prospective observational study included 
80 consecutive cases of chest pain suggestive of 
coronary origin according to the 2015 American 
Heart Association guidelines12 and present-
ing within 6 hours of the onset of symptoms 
at the emergency ward of Dr. Ram Manohar 
Lohia Institute of Medical Sciences, Lucknow. 
Patients were enrolled after obtaining written 
informed consent from the patient’s attendant 
in the format approved by the institutional ethi-
cal committee (IEC-31/16). Patients <18 years, 
eGFR<60 ml/min, unwillingness to provide con-
sent, history of previous AMI, or acute muscle 
injury/ trauma were excluded from this study, 
i.e. their samples were not further assessed for 
HFABP. Comprehensive history taking includ-
ed the patient’s symptoms and time of onset. 
Past medical history such as diabetes mellitus 
(DM), hypertension (HTN), and previous isch-
emic events and general clinical examination, 
ECG, and laboratory investigations were docu-
mented at admission using medical records. 
However, patients with ST-elevation were ana-
lyzed separately.

Diagnostic criteria for acute 
myocardial infarction (AMI)

The definitive diagnosis was made after a critical 
review of all the clinical features and relevant 
information by a panel of two cardiologists. AMI 
was defined according to the Joint European 
Society of Cardiology (ESC)/American College of 
Cardiology (ACC)/American Heart Association 
(AHA)/World Heart Federation (WHF) Task 
Force for the Universal Definition of Myocardial 
Infarction. Presence of at least one element of 
clinical evidence of acute myocardial ischemia 
(symptoms of ischemia, ECG findings, coronary 
angiography, or imaging evidence) and with 
acute myocardial injury characterized by detec-
tion of a rise and/or fall of cTnI values with at 
least one value above the 99th percentile URL 
(0.2 ng/ml for Siemens Advia Centaur XP c-TnI 
assay)13.

Sample collection

Venous samples (3mL) were taken at presenta-
tion (‘0’ hour) and post-admission (at 3 h) serially 
for hsTnI estimation (Double Sampling Approach; 
DSA). After accomplishing routine analysis, in-
cluding cardiac troponin I (cTnI), the first sam-
ple (‘0’ hour) was stored at -800C for H-FABP 
estimation.

Estimation of hsTnI and H-FABP biomarkers

The first sample (0h) was analyzed for hsTnI and 
H-FABP both (Dual Marker Approach; DMA), 
while the second sample at post-admission (3 
h) was analyzed for hsTnI only. According to 
the manufacturer’s protocols, the hsTnI was 
analyzed on Access-2, using a commercial kits 
electrochemiluminescence assay (Beckman  
oulter, USA). H-FABP levels were determined 
by enzyme-linked immunosorbent assay (ELISA) 
using the commercial kit(Biovendor R&D, CZ) as 
described by the manufacturer’s protocol.
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Diagnostic outcomes were categorized as one of 
the following: ST-elevation myocardial infarction 
(STEMI), non-ST-elevation myocardial infarction 
(NSTEMI), unstable angina (UA), and non-cardi-
ac chest pain (NCCP).

Statistical analysis

Data were analyzed using the Statistical Package 
for the Social Sciences (SPSS) software version 
21.0. The data presented in number (N) and 
percentage (%). The two strategies/approaches 
namely DSA and DMA, were compared for their 
early rule in (high positive predictive value and 
specificity) and early rule out (high sensitiv-
ity and negative predictive value) capacity to 
diagnose AMI using sensitivity, specificity, pos-
itive predictive value, negative predictive value 
and area under curve (AUC). The optimum cut-
offs for HFABP (>6.3 ng/ml) were taken from 
ROC analysis, defined as the biomarker level 
at which sum of sensitivity and specificity was 
highest to diagnose AMI13. P value <0.005 was 
considered as statistically significant. Sensitivity 
and specificity were calculated according to 
Gijsberts et al14.

RESULTS

Out of the 80 enrolled patients with acute 
chest pain, 22 cases (27.5%) were confirmed 
to have AMI. Both acute chest pain patients 
(n=61(76.2%)) and AMI (n=19 (86.3%)) were 
more prevalent in males. Male: female ratio 
in AMI patients was significantly higher (6.3:1) 
than that in non-AMI patients (2.6:1; p<0.0001). 
The median age at presentation for AMI was 
67.0 (IQR=15.25) years, which was significant-
ly higher than acute chest pain patients (Medi-
an 57.5 years; IQR=21.75). NSTEMI was signifi-
cantly associated with AMI in 11 patients (50 %) 
(p<0.0001). (Table 1)

Single biomarker assays

To achieve the maximum sum of sensitivity 
(86.4%) and specificity (94.2%), the optimal 
threshold (Cut-off) of H-FABP was 6.3 ng/ml as 
guided by ROC analysis. Upper Reference Limit 
(URL) for hsTnI at admission was 20.24 ng/L (as 
calculated from the non-AMI population; n=58) 
in our study.

Among the single biomarker assays, hsTnI and 
HFABP provide equal sensitivity (81.8%) to diag-
nose AMI at presentation (0 hour) as compared 
to cardiac troponin I (cTnI; sensitivity 63.6%). 
However, their specificity was much lower (89.6% 
for hsTnI and 86.2% for HFABP) in comparison to 
cTnI (100%) Fig 2A. The cut-off of cardiac tropo-
nin I was taken as 0.2 ng/ml as per manufactur-
er’s instruction. On ROC analysis, hsTnI showed 
a slightly better area under the curve (0.87) than 
HFABP (0.84) to diagnose AMI at presentation 
(Table 2; Fig.1 A, B & C). The sensitivity of both 
the tests was 86.4% to diagnose AMI at presen-
tation (Fig.2A & 2B).

DSA and DMA approach

When the same cut-offs as described above were 
applied in our two diagnostic algorithms, name-
ly DSA and DMA, the sensitivity (95.5%), NPV 
(97.6%), and PPV (100%) was highest for DMA. At 
the same time, specificity was maximum (98.2%) 
for the DSA irrespective of the time of presenta-
tion since the onset of symptoms and ST eleva-
tion (Fig. 2A, 2B).

On the further assessment of the DMA ap-
proach, three findings were noteworthy: Firstly, 
if both markers were increased above their re-
spective cut-offs i.e. H-FABP>6.3 ng/ml; hsTnI 
>20.24 ng/L (DMA: both positive; n=17), the 
PPV (100%) was maximium. Secondly, if neither 
of the markers were increased (both negative; 
n=41) above their respective cut-offs, NPV was 
97.5% (Table 3A Fig. 2B). Thirdly, there was not 
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even a single AMI case where only one marker 
was raised if presentation time was > 3 hours. 
This indicates that if AMI occurs, both the mark-
ers would be elevated in 3 hours of onset of 
symptoms.

Since all the cases with STEMI were confirmed 
as AMI in our study group, we further focused 
on the patients with non ST elevation, where all 
the parameters of diagnostic performance re-
mained same for DMA (specificity 86.5%, PPV 
100%, NPV 97.6%) except sensitivity which drops 
down to 90.9%. It out performs DSA except for 

specificity (98.2%) (Fig. 2A, 2B). All the patients 
with both markers above cut-offs (DMA: both 
positive; n=6) were finally diagnosed as AMI (TP) 
while only one case (FN) was detected among 
patients with both the markers below cut-offs. 
Out of 10 DSA positive patients, only one was 
false positive while only two patients were diag-
nosed as AMI (FN) out of 59 patients with DSA 
(Table 3B). 

Diagrammatic representation of rule-out/rule-
in of AMI patients by applying DSA and DMA 
approach is summarized in Figure 3.

Suspected AMI patients (n= 80)
p value

AMI (No); n=58 AMI (Yes); n=22

Age Median (Years)(IQR) 67.0 (15.25) 57.5 (21.75)

Gender 
Male 

Female 
(M:F)

 
42 
16 

2.6:1

 
19 
3 

6.3:1

 
 

<0.0001* 

Diabetics 6 7 0.027*

Smokers 16 8 0.307

Hypertension 27 16 0.031*

Non-ST elevation 58 11 <0.001*

ST elevation MI (STEMI) 0 11 NA

Unstable Angina 14 0 NA

Non-Cardiac Chest Pain (NCCP) 44 0 NA

Table 1 Descriptive characteristics of  the study population

Abbreviation: IQR; Inter quartile range.
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Table 2 ROC analysis of  individual and combine approaches: 
within 3 hours of  the onset of  symptoms, within 3-6 hours 
of  the onset of  symptoms and overall

Abbreviations. H-FABP: Heart-type Fatty Acid Binding Protein, hsTnI: High sensitive Troponin-I, URL: Upper Reference Limit, 
CI: Confidence Interval, AUC: area under the curve<p 0.05 considered as significant.

Group A - Presentation within 3 hours of the onset of symptoms

Variable(s) AUC SE p-value 95% CI

H-FABP>6.3 ng/ml at admission 0.73 0.10 0.03* 0.520-0.942

hsTnI>URL at admission 0.74 0.11 0.02* 0.521-0.967

H-FABP >6.3 ng/ml or hsTnI 20.24 ng/ 
L i.e. >URL at presentation (0 h) 0.78 0.07 0.008* 0.630-0.934

hsTnI at 0 & 3 hour 
(ESC 3-h guideline) 0.87 0.08 <0.0001* 0.712-1.000

 Group B - Presentation within 3-6 hours of the onset of symptoms

H-FABP>6.3 ng/ml at admission 0.85 0.09 0.11 0.661-1.000

hsTnI>URL at admission 0.93 0.07 0.05 0.793-1.000

H-FABP >6.3 ng/ml or hsTnI 20.24 ng/ 
L i.e. >URL at presentation (0 h) 0.86 0.09 0.10 0.681-1.000

hsTnI at 3 & 6 hour 
 (ESC 3-h guideline) 1.00 0.00 0.02* 1.000-1.000

 Group C - Overall performance (presentation combining both time groups)

H-FABP>6.3 ng/ml at admission 0.84 0.05 <0.0001* 0.743-0.948

hsTnI>URL at admission 0.87 0.05 <0.0001* 0.774-980

H-FABP >6.3 ng/ml or hsTnI 20.24 ng/ 
L i.e. >URL at presentation (0 h) 0.82 0.04 <0.0001* 0.728-916

hsTnI at 0 & 3 hour 
(ESC 3-h guideline) 0.94 0.03 <0.0001* 0.873-1.000
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A B

C

Figure 1 ROC analysis of  DMA & DSA approach: (A) Diagnostic performance 
of  individual marker: hsTnI & HFABP at 0 hr; (B) Within 3 hours of  onset 
of  symptoms; (C) After 6 hours of  the onset of  symptoms

Abbreviations: HFABP: Heart-type Fatty Acid Binding Protein, hsTnI: High sensitive Troponin-I, DMA: Dual Marker Approach, 
DSA: Double Sampling approach. *All SN, SP, PPV and NPV were 100% in STEMI cases not included.
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Figure 2 Overall performance (presentation combining both time groups; 
both NSTEMI and STEMI): (A) Comparison of  diagnostic performances 
of  HFABP & hsTnI at 0 hr; (B) Comparison of  diagnostic performances 
of  DMA & DSA approaches

Abbreviations: HFABP: Heart-type Fatty Acid Binding Protein, hsTnI: High sensitive Troponin-I, DMA: Dual Marker Approach, 
DSA: Double Sampling approach, SN: Sensitivity, SP: Specificity, PPV: Positive Predictive Values, NPV: Negative Predictive 
Values, R/O: Ruled out patient.*All SN, SP, PPV and NPV were 100% in STEMI cases (excluded in the graph).
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Table 3A Comparison of  diagnostic performance 
using different approaches of  marker individually 
and in combination (in all studied cases)

Approach AMI No AMI

 cTnI alone c TnI>0.2 ng/ml
Positive 15 01

Negative 07 57

H-FABP alone H-FABP>6.3 ng/ml at admission
Positive 18 08

Negative 04 50

hsTnI alone hsTnI>URL at admission
Positive 18 06

Negative 04 52

DMA

H-FABP >6.3 ng/ml or hsTnI 
20.24 ng/L

i.e. >URL at presentation (0 
hour)

Both Positive 17(TP) 00(FP)

Either Positive 04(TP) 06(FP)

Both Negative 01(FN) 40(FN)

DSA
hsTnI at 0 & 3 hour

(ESC 3-hour guideline)

Positive 20 01

Negative 02 57

Table 3B Comparison of  diagnostic performance 
using different approaches of  marker individually 
and in combination (only in patients with non ST elevation)

Approach AMI No AMI

cTnI alone cTnI >0.2 ng/ml
Positive 04 01

Negative 07 57

H-FABP alone H-FABP>6.3 ng/ml 
at admission

Positive 07 08

Negative 04 50
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80 patients presenting with acute chest pain
(within 6 hours of onset of symptoms)

Non ST elevation (N=69) ST elevation (N=11)

Both >Cut-off  (N=06)Either :  >Cut-off  (N=22)Both < Cut-off (N=41) Both > Cut-off

ALL AMI
4 patients presented 

within 3 hrs and 
2patients presented 

within 3-6 hrs

4 AMI and 18 noAMI
All patients presented 

within 3 hrs of onset of 
symptoms)

1 AMI (false negative) 
and  40  no AMI

29 patients presented 
within 3 hrs whereas 11 

presented  3-6 hrs of 
onset of symptoms

ALL  AMI

Estimation of hsTnI and H-FABP at 0 hr
Cut-off : HFABP >6.3 ng/ml or hsTnI 20.24 ng/L

Ruled in with 
DMA

Ruled out  
with DMA

Required Serial 
Monitoring (DSA)

Figure 3 Diagrammatic representation of  rule-out/rule-in of  AMI patients 
by applying DSA & DMA approach

Abbreviations: HFABP: Heart-type Fatty Acid Binding Protein, hsTnI: High sensitive Troponin-I, AMI: Acute Myocardial In-
farction, DMA: Dual Marker Approach, DSA: Double Sampling approach.

Abbreviations: H-FABP: Heart-type Fatty Acid Binding Protein, hsTnI: High sensitive Troponin-I, DMA: Dual Marker 
Approach, DSA: Double Sampling approach, URL: Upper Reference Limit, ESC: European Society of Cardiology, AMI: 
Acute Myocardial Infarction, TP: True Positive, FP: False Positive, TN:True Negative, FN: False Negative.

hsTnI alone hsTnI>URL at admission
Positive 07 06

Negative 04 52

DMA

H-FABP >6.3 ng/ml 
or hsTnI 20.24 ng/L 

i.e. >URL at presentation 
(0 hour)

Both Positive 06(TP) 00(FP)

Either Positive 04(TP) 06(FP)

Both Negative 01(FN) 40(TN)

DSA hsTnI at 0 & 3 hour 
(ESC 3-hour guideline)

Positive 09 (TP) 01 (FP)

Negative 02 (FN) 57 (TN)



eJIFCC2022Vol33No1pp043-055
Page 52

Manish Raj Kulshrestha, Apurva Raj, Vandana Tiwari, Subrat Chandra, Bhuwan Chandra Tiwari, Ashish Jha
Evaluation of dual marker approach using heart-type fatty acid binding protein and high sensitivity troponin-I

DISCUSSION

Diabetes mellitus and hypertension are well-
known risk factors14,15 for AMI, consistent with 
our findings (Table 1). Though smokers preva-
lence was not higher in our AMI patients, it 
has been well associated with other causes of 
cardiac/non-cardiac chest pain (NCCP), evident 
from our data. The total prevalence of smoking 
among our study subjects was 30 % (n=24).

Our study took the cut-off for H-FABP as 6.3 
ng/ml from ROC analysis. Certain single-center 
Indian studies15-17 have also described very simi-
lar thresholds (6.3, 6.4, and 6.32 ng/ml), respec-
tively. Similar results ranging from 5.0 to 7.0 ng/
ml have also been published by others18-21, these 
slight variations may be due to the difference 
in the sampling timing from the onset of symp-
toms, methodology used, demographics, and 
ethnicity. Our findings agree with the opinion of 
McCann et al., who declared that assessment of 
H-FABP within the first 4 h of symptom onset is 
superior to that of cardiac Troponin T (cTnT) for 
the detection of AMI21.

In this study, we compared the performance of 
hsTnI or H-FABP alone as well as their combina-
tions (DMA) at admission (0 hrs) along with the 
DSA (using hsTnI at 0 hr and 3-hr sampling) to 
accurately rule in/rule out AMI in eighty acute 
chest pain patients in an emergency settings. 

Our results showed that among patients with 
non-ST-elevation, the PPV of DMA was 100% if 
both markers were elevated. It efficiently rules 
out 51.2% cases (sensitivity 95.5%, NPV 97.6%; 
only one false negative) for AMI. None of the 
biomarkers (cTnI, hsTnI, or HFABP) at presenta-
tion was sufficient for a reliable rule in/ rule out 
of AMI when used alone. 

On serial monitoring of hsTnI at 0 hr and 3 hr in-
terval (DSA), both sensitivity (90.9%) and speci-
ficity (98.2%) and area under the curve (AUC) 
are significantly enhanced in comparison to 

when URL of hsTnI or cTnI (at cut-off of 0.2 ng/
ml) were used alone at presentation (0 hour). A 
single negative cTnI test is not sufficient to dis-
regard the presence of AMI because of its low 
sensitivity in the first 3 h of chest pain onset as 
per previous reports22, 23.

In ROC analysis our data revealed that area 
under curve (AUC) for HFABP was 0.84 (95% 
Confidence Interval; 0.743-0.948) to diagnose 
AMI at presentation. These findings were par-
allel to previous studies 0.830 (95% CI; 0.770–
0.890)20 and 0.800 (95% CI; 0.760-0.840)22 while 
slightly deviated from findings of Reddy et al17 
i.e. 0.728(95% CI; 0.622-0.817) and Ruff et al24 

i.e. 0.780 (95% CI; 0.720-0.840). Similarly, area 
under curve (AUC) for hsTnI was 0.87 (95% CI; 
0.774-0.980) in our study which was consistent 
with Eggers et al22 0.840 (95% CI; 0.800-0.880) 
while Kellens et al20 and Ruff et al24 reported it as 
0.790 (95% CI of 0.73–0.85) and 0.956 (95% CI; 
0.930-0.990) respectively. These minor devia-
tions might be due to heterogenity of presenta-
tion since the onset of symptoms, methodology, 
instrumentation and ethnicity.Eleven (11) sub-
jects presented with ST-elevation (n=11) on ECG; 
all had an elevation of both hsTnI and HFABP at 0 
h sample and were later confirmed as AMI cases 
in our study group. Thus, both the biomarkers 
may be used reliably as supportive evidence in 
such cases to rule out any subjective variation. 
We further focused on non-ST-elevation sub-
jects where the role of DMA seems pertinent 
with PPV same as that in overall study popula-
tion (presenting with or without ST elevation). 
Though the sensitivity decreased slightly, DMA 
same proportion of patients owing to same NPV.

Our results for DSA for the overall patient popu-
lation (irrespective of ST-elevation and time of 
presentation; Table-3A) complied with that de-
picted by Pickering et al.5 who noted sensitivity 
(95.4%), specificity (96.5%), PPV (91.3%) and 
NPV (98.2%).
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When both markers were elevated, the diagno-
sis of AMI was made irrespective of the presen-
tation time since the onset of symptoms. Among 
cases (n=41) with both markers below the cut-off 
values, only one false negative case was found. 

The history of the false-negative patient was 
further investigated in detail. He was a 68-year-
old male who lived nearby and reached the 
hospital within 20 minutes of developing acute 
chest pain. His pain was relieved by itself with-
in 30 minutes and recurred after 15 minutes 
of the first episode. On the first sample taken 
subsequently, i.e., at admission (‘0’ hour), both 
hsTnI (2.3 ng/L) and H-FABP (1.05 ng/ml) were 
very low while hsTnI was raised to 14.0 ng/L at 
3 hours post-admission sample. Thus, this type 
of case (with very early presentation) may not 
be ruled out in with single sample since it is 
also possible that ischemia might have started 
after the first sampling (as suggested by clini-
cal history). The role of careful history taking 
and a high index of suspicion must not be over-
looked in such cases, which may occur in clini-
cal practice. 

Our study focused on the strategic evaluation 
of different approaches for effective rule out/ 
rules in for the diagnosis of AMI. It was done on 
a limited population at a single center. A multi-
centric study with a large number of subjects, 
preferably with a multimarker approach, is war-
ranted for further evaluation. 

Further, ELISA based HFABP estimation is time 
consuming though robust. Commercial kits on 
fully automated analyzers are recently available 
claiming remarkable analytical sensitivity. In fu-
ture trials, it may be included in DMA algorithm 
to get rapid result and enhance practical utility 
in emergency settings.

CONCLUSION

A single marker assay (hsTnI or HFABP) is associat-
ed with false positives as well as false negatives. 

The proposed dual marker approach using H-
FABP in tandem with hsTnI enhances sensitivi-
ty, positive and negative predictive values. With 
the use of the proposed DMA, 58/80 (72.5%) 
patients with acute chest pain were ruled in/
ruled out for AMI at the  time of their presen-
tation itself, while the remaining 27.5% of pa-
tients still required serial monitoring (DSA) for 
confirmation. 
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Importance of observing the progress curve 
during enzyme assay in an automated clinical 
chemistry analyzer: a case study
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A R T I C L E  I N F O A B S T R A C T

In the case presented here the reported result for to-
tal creatine phosphokinase led to the physician call-
ing for report confirmation. The repeated test result 
was in keeping with the clinical picture and thus the 
previous erroneous result was amended. The incor-
rect result from auto analyzer was identified as fail-
ure to run the sample in dilution after instrumental 
flagging of possible substrate exhaustion evidenced 
by erroneous progress curve. A frequent reason for 
nonlinear progress curves is the presence of excess 
enzyme which can be easily misinterpreted as lower 
enzyme activity in a provided sample. Careful inspec-
tion of progress curve and predilution of sample in 
anticipated cases could avoid erroneous result. 
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INTRODUCTION

Concentration of enzymes is very low in plasma 
or body fluid and cannot be directly measured 
as in case of other analytes such as glucose or 
total protein. Thus, enzymes are indirectly mea-
sured by their catalytic activity which is propor-
tional to their concentration.

The principal of kinetic assay is that, if the con-
centration of the substrate (S) is sufficiently 
high in comparison to enzyme (E) then the rate 
of reaction will be proportional to the concen-
tration of the enzyme. Therefore, the amount 
of product (P) formed in a given period of time 
would be proportional to the amount of active 
enzyme present, with all other factors remain-
ing constant. To determine the reaction velocity 
and for evaluating the enzyme activity, the plot 
of absorbance against time is required. This plot 
also known as progress curve permits the de-
tection of erroneous influences and the control 
of the reaction course. (Figure 1) A catalyzed 

reaction must initially follow a linear relation-
ship, from which its velocity and eventually 
enzyme activity is derived. Due to depletion of 
substrates during the later progression the re-
action slows down and finally ceases. (Figure 1)

The Michaelis-Menten equation provides the 
“activity” of the enzyme (1). The rate of reac-
tion when the enzyme is saturated with sub-
strate is the maximum rate of reaction, Vmax. 
The relationship between rate of reaction and 
concentration of substrate depends on the af-
finity of the enzyme for its substrate. This is usu-
ally expressed as the Km (Michaelis constant) of 
the enzyme, an inverse measure of affinity. For 
practical purposes, Km is the concentration of 
substrate which permits the enzyme to achieve 
half Vmax. An enzyme with a high Km has a low 
affinity for its substrate, and requires a greater 
concentration of substrate to achieve Vmax. 
This means that the concentration of substrate 
must be high enough to ensure that the enzyme 

Figure 1 Normal progress curve of  a catalyzed reaction
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is acting at Vmax (1). In practice, it is usual to use 
a concentration of substrate about 10 – 20 fold 
higher than the Km in order to determine the 
activity of an enzyme in a sample (2). Majority 
of enzymes have Km values in order of 10 -5 to 
10 -3 mol/L.

The present report emphasizes the importance 
of observing the plot of absorbance against time 
to identify the linearity slope, while performing 
creatine phosphokinase (CK) enzyme assay.

CK is a large protein made up of two distinct 
polypeptide subunits, M and B (3). Three iso-
enzymes of CK are found in human tissue: CK-
MM (skeletal muscle), CK-MB (cardiac muscle), 
and CK-BB (brain). CK catalyses the reversible 
transfer of energy-rich phosphate from creatine 
phosphate to adenosine diphosphate (ADP), 
thus forming adenosine triphosphate (ATP) that 
is utilized by muscle myofibrils during its con-
traction. The molecular structure of CK prevents 
it from being released from the host tissue into 
the bloodstream, except in muscle membrane 
injury. Serum concentrations of CK is therefore 
increased when muscle is damaged after strenu-
ous physical activity, trauma, crush injury, myosi-
tis, muscular dystrophy, intramuscular injection, 
convulsions, myocardial infarction, malignant 
hyperthermia and drugs such as aminophyline 
and succinylcholine (4). CK measurement in se-
rum is the gold standard test to detect and mon-
itor skeletal muscle diseases and damage. Thus, 
it is essential to mention the clinical diagnosis 
while ordering this test.

CLINICAL-DIAGNOSTIC CASE

We received a serum sample from a 48 years 
male collected at a remote hospital, for analy-
sis of total creatinine kinase. The sample was 
analyzed using RX Imola auto-analyzer (Randox 
Laboratories Ltd). Daily maintenance for this 
auto analyzer was conducted and internal qual-
ity control sample from Bio-Rad was run which 

were found to be within the acceptable range. 
The patient result of 12 U/L [24 – 195 U/L] was 
reported. However, we received a call from at-
tending physician stating that they had expect-
ed higher value for total CK and requested to 
repeat the assay. The provisional diagnosis of 
patient was acute kidney injury secondary to 
lacerated wound over left lower limb. 

Careful inspection for potential source of error 
in all analytical steps and reanalyzing the serum 
sample was planned.

Preanalytical factors affecting CK are age, race, 
muscle mass, physical activity, medication and 
hypothyroidism. Only severe hemolysis affects 
CK since red blood cells (RBC) have no CK. 
Release of enzymes and intermediates from RBC 
such as adenylate kinase (AK), ATP and glucose-
6-phosphate (G-6-P) may inhibit CK in severe he-
molysis. No preanalytical error was identified in 
the index case. 

The reagent, calibrator, internal quality control 
graphs and instrument were checked to iden-
tify presence of any analytical error. Total CK 
is performed in serum or heparinised plasma. 
CK enzyme activity is easily inhibited by factors 
both in vivo and in vitro, thus automated assay 
includes factors to preserve enzyme action and 
ensure accurate measurement. For example, 
the reagent contains N-acetyl cysteine (NAC) to 
reactivate sulfhydryl group in the centre of CK 
which is prone to rapid oxidation with loss of CK 
activity. The diadenosine pentaphosphate and 
adenosine monophosphate (AMP) is added to 
inhibit adenylate kinase, which may be present 
in platelets of patient with liver disease. Also, 
the reagent contains magnesium to complex 
with ADP and ATP. 

The enzymatic reaction catalyzed by CK is re-
versible, however all commercial assays for CK 
are based on creatine-to-creatine phosphate 
reaction as it proceeds six times faster than 
creatine phosphate to creatinine. ATP liberated 
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phosphorylates glucose to glucose-6-phosphate. 
Glucose-6- phosphate is oxidized to 6-phospho-
gluconate, reducing Nicotinamide adenine di-
nucleotide phosphate (NADP) to NADPH in pres-
ence of glucose 6-phosphate dehydrogenase 
(G6PD). The rate of increase in NADPH absor-
bance at 340nm is directly proportional to the 
activity of CK present in serum. The difference 
between commercial assays is the use of buffer 
(imidazole or Tris) and source of G6PD (yeast or 
from bacterium) that however does not inter-
fere with the assay. The reagent was in standard 
condition and no error was identified during 
sampling.

The internal quality control for CK in the past 
ten days was within 1SD and calibration was up 
to date. There was no recent maintenance of 
instrument and no issues with other parame-
ters. The technician was however recently em-
ployed. The reported result was inspected in 
the instrument, and it was found that the assay 
was repeated automatically with two results 
where the first one indicated error with flag-
ging as “E” and second one was 12 U/L. Thus, 
the technician reported the result as 12 U/L 
through laboratory information system (LIS). 
The inspection of progress curve indicated an 
erroneous result.

The normal progress curve for each analyte 
could be inspected in the auto analyzer, from 
the stored data generated by sampling of the 
quality control for that specific analyte. Any de-
viation from this normal progress curve should 
alert the technician. Thus, analytical error was 
identified and repetition of the test from stored 
sample was done.

We anticipated higher value for total CK from 
the provisional diagnosis. Thus, we diluted the 
sample and the total CK was 150891.98 U/L af-
ter 1:100 dilutions. The result was informed to 
the physician and the initial erroneous result 
was amended.

DISCUSSION

The basic principle of kinetic enzyme assay is 
that when the substrate concentration is very 
high the reaction rate is independent of sub-
strate concentration. (1) Under the normal 
circumstances, the concentration of the sub-
strate contained in a reagent is large enough to 
meet the actual testing needs of most clinical 
samples. Enzymes such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) 
and creatine kinase (CK) may be released in 
very large quantity in certain clinical conditions 
affecting liver, heart, muscle or other organs. 
During such a clinical situation, the enzyme ac-
tivity exceeds the linear range of the kit which 
no longer maintains the reaction at zero order 
and the reported results are far below the ac-
tual concentration.

In practice the reaction rate is not constant with 
time. There is an initial (i) lag phase (with very 
little change per unit of time), then comes (ii) 
linear phase of constant change per unit of time 
and then finally (iii) phase of substrate exhaus-
tion with very little change. In order to obtain the 
best result we should have a long linear phase 
and assay should be stopped before substrate 
exhaustion takes place. Too much of enzyme 
will consume all the substrate immediately and 
no more reaction can be observed when the re-
cording is started. Such a situation is easily mis-
interpreted as lack of activity and the reported 
enzyme concentration is very low. The substrate 
in the above mentioned reaction is creatine 
phosphate. Creatine phosphate gets consumed 
by very high concentration of CK which was pres-
ent in the serum sample before the kinetic mea-
surement actually gets initiated. The whole sub-
strate gets consumed within the lag phase which 
results in falsely low values.

This effect is also a recognized limitation in im-
munoassay, where it is known as prozone ef-
fect which occurs when the number of analyte 
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molecules exceeds the number of antibody bind-
ing sites. There are numerous reports of this ef-
fect in wide ranges of analytes as shown in Table 
1. Many modern immunoassays have been for-
mulated for automated dilution in cases of pro-
zone effect.

The clinical performance of the biochemistry 
analyzer is affected by many factors such as the 
reagents, the integration and settings, the trace-
ability system of the manufacturer, daily calibra-
tion and quality control operation and main-
tenance of the instrument. When choosing an 
analyzer, the laboratory should pay special atten-
tion to the substrate depletion limit of the kinetic 
method. Different laboratories may have differ-
ent ranges of substrate depletion due to variable 
detection system, sample dilution ratios and pa-
rameter settings. Automatic dilution of sample 
in cases of substrate exhaustion was lacking in 
our analyzer and the recently employed techni-
cian failed to recognize the instrumental flagging 

for erroneous result which led to wrong report-
ing initially. 

The erroneous result from auto analyzers could 
be avoided by observing the plot of absorbance 
against time to identify the linearity slope since 
various analyzers usually present this figure. 
Those instruments which display the absor-
bance and continue to display the changing 
absorbance with the chemical reaction are con-
sidered superior for kinetic assays. It can moni-
tor the rate of reaction depending on the high 
or low concentration of enzyme and also help 
in detecting substrate exhaustion along with 
timings. If we can anticipate higher values of 
the enzyme (beyond the linearity range) we can 
predilute the sample and then run the test so 
as to avoid repetition. For example: an icteric 
sample may have higher values of transaminase 
and if clinical history of trauma or lacerated 
wound is provided, then the sample may have 
high CK value (Table 2). This case therefore also 

Biochemical assay Clinical diagnosis Reference

Prolactin Prolactinoma 5,6

β-hCG Advanced molar Pregnancy 7

Calcitonin Metastatic medullary thyroid carcinoma 8

Prostate specific antigen Advanced prostate cancer 9

17-hydroxyprogesterone 21-hydroxylase deficiency 10

CA-125 Ovarian carcinoma 11

Alpha fetoprotein Hepatoblastoma 12

IgE Atopic dermatitis 13

Table 1 Reports of  clinical assay demonstrating prozone effect
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highlights the importance of mentioning the 
provisional diagnosis while ordering the test.

LEARNING POINTS

•	 A frequent reason for nonlinear progress 
curves is the presence of excess high enzyme 
level which is easily misinterpreted as lack of 
enzyme activity in the reported result. 

•	 Careful inspection of progress curve and 
predilution of sample in anticipated cases 
could avoid erroneous result. 
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A R T I C L E  I N F O A B S T R A C T

Hemophagocytic lymphohistiocytosis is a rare and po-
tentially fatal disorder caused by immune dysregula-
tion. It can occur as a primary genetic disease or sec-
ondarily due to various causes including infections, 
malignancies or autoimmune diseases. In this case 
report, we present two cases of Hemophagocytic lym-
phohistiocytosis which were secondary to typhoid and 
dengue fever. While primary disease occurs predomi-
nantly in infants, secondary hemophagocytic lympho-
histiocytosis can occur in any age group. Both primary 
and secondary hemophagocytic lymphohistiocytosis 
are characterised by fever, hepatosplenomegaly, pan-
cytopenia and multiorgan dysfunction. But unusual 
persistence of fever and other organ involvement 
should need further workup for hemophagocytic lym-
phohistiocytosis. Secondary hemophagocytic lym-
phohistiocytosis may resolve on treating the under-
lying disorder. But severe cases need treatment with 
immunosuppressive/immunomodulation therapy to 
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prevent morbidity. Early clinical suspicion, 
prompt diagnosis and treatment of hemophago-
cytic lymphohistiocytosis are essential to pre-
vent deleterious effects to health. 



INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH), also 
identified as hemophagocytic syndrome, is an 
aggressive, life-threatening hematological syn-
drome characterised by unregulated immune 
activation resulting in malignant inflammation 
and multi-organ failure (1). The reported annual 
incidence of HLH is approximately 1.2 per mil-
lion individuals. The mortality rate is very high, 
95% if left untreated. Based on the underlying 
etiology, HLH is classified into primary (genetic) 
and secondary (acquired), both of which clini-
cally manifest as acute or subacute febrile ill-
ness with hepatosplenomegaly, bi- or trilineage 
cytopenia, hypertriglyceridemia and hypofibri-
nogenemia. Inherited genetic mutations play a 
major role in primary HLH, whereas secondary 
HLH is commonly associated with infections, 
autoimmune disorders or malignancies (2). We 
report here the cases of two children who pre-
sented with acquired HLH secondary to enteric 
fever and dengue.

CLINICAL CASE DESCRIPTION

Case 1

A 5-year-old girl presented with high grade fever, 
abdominal pain and loose stools for 5 days, as-
sociated with reduced activity and poor oral in-
take for 2 days. There was history of fast breath-
ing and reduced frequency of urine for a day. 
No history of vomiting, rash, joint pain, jaundice 
or edema. On examination, the child had tachy-
pnea (respiratory rate - 87/min), tachycardia 
(heart rate - 160/min), cool peripheries, periph-
eral pulses were feeble and blood pressure was 

100/70 mmHg. Her liver was enlarged to 4 cm 
below right costal margin and spleen was 3 cm 
below left costal margin. Both were soft in con-
sistency and non-tender. There were no added 
sounds on auscultation. Provisional diagnosis 
of sepsis with compensated shock was made. 
Differential diagnosis was pneumonia, typhoid 
fever, scrub typhus and dengue fever. 

Management and outcome

Baseline investigations revealed pancytopenia 
(total WBC count-3820 cells/mm3, hemoglobin 
- 8.4 g/dl, platelets – 39 × 109/L), elevated liver 
enzymes (SGOT - 368 U/L, SGPT - 167 U/L), C 
reactive protein 86 mg/dL and normal renal pa-
rameters. Thorax ultrasound showed right-sided 
pleural effusion with bilateral B lines. Treatment 
was commenced with high flow oxygen by na-
sal cannula with FiO2 of 30% and flow of 24L/
min and was resuscitated with fluid bolus 20 
ml/kg, normal saline. Intravenous ceftriaxone 
was started after drawing blood for culture. In 
view of high-grade fever which did not touch 
the baseline, increasing hepatosplenomegaly 
and worsening pancytopenia on day 8 of illness, 
HLH work-up was initiated. Serum ferritin was 
elevated (11167 ng/mL) with hypofibrinogen-
emia (152.3 mg/dL) and hypertriglyceridemia 
(279mg/dL). Brain natriuretic peptide was very 
high (6622 pg/mL) and echocardiogram (ECHO) 
revealed left ventricular dysfunction (ejection 
fraction-45%, normal being >65%) suggesting 
myocarditis. Hence, she was started on dobu-
tamine and milrinone infusion. Bone marrow 
aspiration showed hemophagocytes (Figure.1). 
Blood culture grew Salmonella typhi, which was 
sensitive to ceftriaxone. In view of worsening 
clinical condition and elevated inflammatory 
markers, child was given intravenous immuno-
globulin 2 g/kg over 48 hrs. Child gradually im-
proved, fever spikes started decreasing, tachy-
pnea settled and she was weaned off from HFNC 
and inotropic support. She was continued on 
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enalapril, aspirin, furosemide and spironolac-
tone. On follow up at 4 weeks, ECHO was nor-
mal and anti-failure measures were stopped.

Case 2

A 4-year-old girl presented with fever and skin 
rash over the lower limbs that commenced 5 
and 3 days ago, respectively. She also had vom-
iting and reduced urine output for a day. On ex-
amination, she was conscious and oriented. Her 
heart rate was 170/min, respiratory rate was 
40/min, blood pressure was 70/50 mmHg with 
cool peripheries, feeble peripheral pulses and 
capillary refill time > 3 seconds. She had macu-
lar erythematous blanching rash over both low-
er limbs and forearms. Her liver was enlarged to 

4 cm, soft in consistency, with mild tenderness. 
Other examinations were normal.

Management and outcome

She was provisionally diagnosed to have dengue 
fever with hypotensive shock and resuscitated 
with 30 ml/kg normal saline fluid bolus. She had 
severe thrombocytopenia (30 ×109/L) with he-
moconcentration (Hb- 14.5 g/dL; PCV 48). Her 
liver enzymes were elevated (SGOT: 524 U/L 
and SGPT: 124 U/L). Dengue IgM was positive. 
On day 3 of admission, she had persistent fe-
ver and developed pleural effusion, requiring 
oxygen support. In view of persistent fever for 
8 days, HLH workup was done. Child had hyper-
ferritinemia (7500 ng/mL), hypofibrinogenemia 

Figure 1 Leishman Stain 100X magnification. Arrow pointing to a hemophagocyte
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(132.7 mg/dL) and hypertriglyceridemia (251 
mg/dL). ECHO was normal. Intravenous immu-
noglobulin was given at 2 g/kg over 48 hours. 
During the next 48 hours, her fever spikes set-
tled and platelet count started increasing and 
she was discharged. 

Laboratory parameters of both cases have been 
listed in Table 1.

DISCUSSION

Hemophagocytic lymphohistiocytosis is an im-
mune-mediated life-threatening hyperinflam-
matory syndrome, which was initially described 
by pediatricians Robb-Smith and Scott in 1939. 
It is characterized by uninterrupted hyperin-
flammatory response associated with abnormal 
activation of macrophages and lymphocytes, 
resulting in hypercytokinemia (3)(4). Primary 
HLH occurs due to a variety of genetic abnor-
malities and frequently presents during infan-
cy and early childhood, while secondary HLH 
is less age-restricted and it is more common in 

older children and adults. HLH can be triggered 
by a variety of events that disrupt immune ho-
meostasis, with infection being a common trig-
ger in both genetic and sporadic cases. Viruses 
are most commonly associated with secondary 
HLH, particularly Epstein-Barr virus, but tuber-
culosis, malaria, dengue, leishmaniasis and ty-
phoid are important infections that trigger HLH, 
especially in tropical countries (5). In the pres-
ent report, the triggers implicated were dengue 
and typhoid fever.

The pathogenetic mechanisms of HLH is im-
paired activation of innate immune system, pre-
cisely natural killer (NK) cells and CD 8+ cytotox-
ic T-lymphocytes (CTL), resulting in release of 
abundant inflammatory cytokines that promote 
cytokine network formation and macrophage 
infiltration. The liver, spleen and lungs are the 
commonly affected organs, but HLH can affect 
all organs of the body. In a healthy immune sys-
tem, CD 8+ cytotoxic T-lymphocytes and NK cells 
secrete two cytolytic enzymes: granzyme and 

Table 1 Laboratory values of  the cases

Parameter Case 1 Case 2 Normal values

Total Count (cells/mm3) 3820 5700 5000 - 17000

Hb (g/dL) 8.4 10.8 11-14

Platelets (×109/L) 36 30 150-400

SGOT (U/L) 368 524 <35

SGPT (U/L) 167 124 13-45

Ferritin (ng/mL) 11167 7500 13 - 150

Triglyceride (mg/dL) 279 251 <150

Fibrinogen (mg/dL) 152.3 132.7 170 - 405
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perforin. Perforin creates destabilizing pores in 
the membrane of the target cell which results in 
target cell destruction.

In patients with HLH, dysfunction of these cy-
tosolic proteins causes reduced function of CD 
8+ cytotoxic T-lymphocytes and NK-cell. The im-
paired cells loose its ability to eliminate virus-in-
fected cells and instead uninterruptedly secrete 
inflammatory cytokines. In addition, these cyto-
kines activate antigen-presenting cells (histio-
cytes and macrophages) to produce more cyto-
kines. This results in a vicious cycle that amplifies 
the cytokine secretion of CD 8+ T-lymphocytes, 
NK cells, and macrophages, thus generating a 
cytokine storm. Hyperproduction of cytokines, 
including tumour necrosis factor α, interleukin 6 
and interferon γ by virus-infected T-lymphocytes 
may play a role in the pathogenesis of dengue-
associated HLH. Recently, enhanced antigen pre-
sentation and repetitive interferon γ-dependent 
stimulation of Toll-like receptors (TLRs) have also 
been postulated as causal mechanisms of reac-
tive HLH. Direct activation of TLRs by intracel-
lular pathogens that persist in histiocytes may 
explain the pathogenesis of typhoid-associated 
HLH.

The clinical features of HLH can be explained by 
3 cellular pathways: 1) uncontrolled activation 
of macrophages and CD8+ T-lymphocytes; 2) 
hyperproliferation and infiltration of these cells 
into various organs; and 3) hypercytokinemia, 
resulting in progressive multi-organ dysfunc-
tion. Early symptoms of HLH are non-specific 
and can mimic common infections. The cardi-
nal symptoms of the disease include continu-
ous fever (>38·5°C), enlarged lymphohemo-
poietic organs and bi- or tri-lineage cytopenia. 
Neurological abnormalities are observed in 
nearly one-third of patients with HLH. The dis-
ease can also affect other vital organ systems, 
including the respiratory system, heart, kidneys 
and skin. Both the children presented here had 

lung involvement and one child had myocarditis 
in addition to respiratory distress.

Diagnosis of secondary HLH is challenging 
because of nonspecific clinical features. Hemo
phagocytic lymphohistiocytosis should be clini-
cally suspected in all patients presenting with 
undiagnosed, continuous high-grade fever and 
evidence of multi-organ involvement. The diag-
nostic criteria proposed by the HLH-2004 study, 
requires 5 out of 8 parameters for the diagno-
sis of HLH (Table 2)(6). An elevated serum fer-
ritin level is very common in children with HLH 
and has high sensitivity and specificity. Most 
patients with HLH will have hepatitis, charac-
terised by elevated liver enzymes, lactate dehy-
drogenase and bilirubin. Hypertriglyceridemia 
and abnormal coagulation parameters are also 
frequently seen. The detection of hemophago-
cytosis, a hallmark of activated macrophages in 
the bone marrow, is supportive for diagnosis, 
however bone marrow biopsies are neither 
specific nor sensitive for conclusive diagnosis. 
Recently, flow cytometry has been implicated 
as a screening tool for identifying patients with 
genetic predisposition to HLH. Transient de-
fect in NK cells and CTL cells function may be 
noted in secondary HLH while the changes will 
be persistent in primary HLH (7). Similar mani-
festation of continuous fever with multi-organ 
involvement can happen in multisystem inflam-
matory syndrome in children (MIS-C) following 
COVID-19 infection. But both the patients were 
negative for COVID-19 serology. 

The initial goal of therapy in patients with HLH 
is to suppress the unregulated severe hyperin-
flammation, since both genetic and acquired 
forms of HLH can initially be managed by the 
same treatment protocol. Following this, the 
goal of therapy shifts towards identification of 
underlying triggering agents, as patients with 
primary HLH may require hematopoietic stem 
cell transplantation. Most cases of secondary 
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HLH resolve once the underlying disease is treat-
ed like in our children.

Regarding treatment of dengue-associated HLH, 
other similar cases reported in the literature 
showed that few cases have recovered with 
supportive therapy only. Intravenous immuno-
globulin G has been used in few cases either 
alone or with steroids (8)(9). The treatment of 
dengue-associated HLH using intravenous im-
munoglobulin G seems to be associated with fa-
vourable outcome, as in this case report. On the 
other hand, typhoid is one of the bacterial in-
fections, that can be a potential trigger for HLH. 
Treatment of the inciting bacterial pathogen is 
often inadequate and in most of the cases it is 
essential to start lifesaving therapy with immu-
nosuppressants and immunomodulators as ear-
ly as possible to prevent mortality(10). 

Given the poor outcomes of HLH and the rapid-
ity with which the disease progresses to cause 
fatal multi-organ failure, it is essential that signs 

and symptoms of hypercytokinemia are not over-
looked and that the hyperinflammatory state is 
suppressed as soon as possible. In addition, it is 
imperative to detect the triggering event in sec-
ondary HLH and initiate prompt treatment to 
achieve successful outcome. 



Compliance with ethical standards

•	 Conflict of interests: The authors have de-
clared that no Conflict of interest exists. 

•	 Ethical approval: It was not obtained as this 
is a case report.

•	 Informed consent: Informed consent was 
obtained from the participants parents.

•	 Funding: The authors have not declared a 
specific grant for this research from any 
funding agency in the public, commercial or 
not-for-profit sectors. 

Table 2 Diagnostic criteria for hemophagocytic lymphohistiocytosis 
based on HLH-2004 

Diagnostic criteria for hemophagocytic lymphohistiocytosis (HLH)

1. Persistent fever - >/=38.5°C

2. Splenomegaly

3. Bicytopenia or pancytopenia (Hb<9 g%, Platelets<1 lakh/µL, Neutophils<1000/µL)

4. Hypertriglyceridemia and/or hypofibrinogenemia

5. Low or absent NK cell activity

6. Hyperferritenemia (>500 ng/mL)

7. High sCD25 (sIL-2R>2,400 U/ml)

8. Hemophagocytosis in bone marrow, spleen, lymph nodes or liver
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

LEARNING POINTS

•	 Secondary hemophagocytic lymphohistio-
cytosis should be suspected in all children 
presenting with continuous high-grade fe-
ver beyond the natural course of illness and 
evidence of multi-organ involvement.

•	 Prompt treatment of the underlying trigger-
ing event of secondary HLH is essential 

•	 It is prudent to start lifesaving therapy with 
immunosuppressants and immunomodula-
tors in case of hypercytokinemia leading to 
multi organ involvement.
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