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Zirconia Ceramics
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ABSTRACT

Zirconia ceramics have become popular among other dental ceramics thanks to their biological, mechanical, optical, and aesthetic
properties. CAD/CAM (computer-aided design/ computer-aided manufacturing) technology improvement has played a vital role in the
increased popularity of zirconia ceramics; easy computer manipulation significantly expanded the possibility of using different types of
restorations. Zirconia ceramics have a broad spectrum of indications in prosthetic dentistry, from simple restorations to complex structures
supported by dental implants. A good orientation in the classification, features, and manipulation of zirconia ceramics is the main key to
success.
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INTRODUCTION

Prosthetic dentistry is undergoing a paradigm shift from
metal-ceramic restorations to all-ceramic restorations (1).
In order to replace metal-ceramic restorations, all ceramic
restorations have been developed. Zirconia has differen-
tiated itself among all dental ceramics as a versatile and
promising material due to its biological, mechanical, and
optical properties. CAD/CAM (computer-aided design /
computer-aided manufacturing) technology has played a
significant role in producing zirconia restorations (1, 2).

The name of the metal, Zirconium, originates from
the Arabic and Persian origin, “Zargon”, meaning “golden
in color” (3, 4). Zirconia, the metal oxide ZrO,, was first
discovered in 1789 by German chemist Martin Heinrich
Klaproth. In 1824, Swedish chemist Jons Jakob Berzelius
managed to isolate it for the first time (2-6). In 1975, Gra-
vie et al. proposed a model to rationalize the desirable
mechanical properties of zirconia, which has been called
“ceramic steel” (7).

PHASES OF ZIRCONIA

Zirconia has a feature known as polymorphism, charac-
terized by the atoms’ geometric arrangement in different
ways and different crystallographic structures. Zirconi-
um oxide crystals are organized in crystalline structures,
which can be divided into three crystallographic phases.
The cubic (C) is in the form of a straight prism with square
sides, the tetragonal (T) is in the form of a straight prism
with rectangular sides, and the monoclinic (M) is in the
form of a deformed prism with parallel sides (2, 5, 8).

Pure zirconia is in the monoclinic phase, which is sta-
ble at room temperature up to 1170 °C. Between 1170 °C
and 2370 °C, tetragonal zirconia is formed, while cubic
zirconia occurs above the temperature of 2370 °C until
the melting point of 2716 °C (9, 10). Moreover, there are
noticeable alterations in volume, which are related to this
phase transformation. A significant volume increase of
about 4.5% occurs along with the transformation from the
tetragonal phase to the monoclinic phase during cooling,
which creates a surface compressive stress within the ma-
terial; thereby, flexural strength is increased (11). More-
over, phase change affects the integrity of the material. As
a result, aging becomes more likely. (11, 12, 13).
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Fig. 1 Phases of zirconia.
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STABILIZED ZIRCONIA

Stabilized zirconia is a combination of zirconia poly-
morphs obtained at room temperature by adding stabiliz-
ers (4). Passerini et al. (14) and Ruff et al. (15) found that
the tetragonal and cubic phase could be stabilized at room
temperature thanks to alloying zirconia with metal oxides
such as CaO, Mg0O, Y,0,, CeO,, Er,0,, Eu,0,, Gd,0,, Sc,0,,
La,0, and Yb,0, (16). Amongst them, yttrium oxide (Y,0,)
is the primary stabilizer used in general medicine and den-
tistry. The stabilization principle is based on replacing Zr**
cations with Y** cations in the ZrO, crystal structure. Zr*"
is a tetravalent ion, while Y** is a trivalent ion. Replacing a
tetravalent ion with a trivalent ion will cause one oxygen
anion to remain free in the crystal structure. This free oxy-
gen anion is called an oxygen vacancy, and it subsequently
prevents the phase transformation (8, 17).

The amount of yttrium oxide has an influence on stabi-
lization (17, 18). When the amount of yttrium oxide is over
8 mol%, the cubic phase becomes stable at room tempera-
ture, and it is called cubic stabilized zirconia (CSZ). When
yttrium oxide is 3 to 8 mol%, both cubic and tetragonal
phases are mixed at room temperature; it is called par-
tially stabilized zirconia (PSZ). When the yttrium oxide is
about 3 mol%, tetragonal phases are almost 100% at room
temperatures. In this case, it is called tetragonal zirconia
polycrystal (TZP) (18).

BIOCOMPATIBILITY

Zirconia’s biocompatibility has been thoroughly assessed,
and studies have proven its biocompatibility (12, 19, 20).
No study found a difference or identified any modifica-
tions in the biological health of the soft and hard tissues
around the zirconia-based restorations (13, 21-25).

PHASE TRANSFORMATION TOUGHENING (PTT)

The adsorbed energy can break some of the atomic bonds
in a polycrystalline structure under the influence of me-
chanical, thermal, or combined stresses, leading to tetrag-
onal crystals changing into a more stable monoclinic phase
(metastability). Phase Transformation Toughening is the
term used to describe this spontaneous and irreversible
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Fig. 2 Crack propagation and phase transformation toughening.

change. A crack can occur on the surface of a material if
there is enough force. At that moment, the forces from
the initial impulse act perpendicular to the crack surface,
and the crack is spread until the forces causing crack ex-
pansion are no longer sufficient. In metastable tetragonal
zirconia, these forces lead to local destabilization of the
tetragonal phase, which results in tetragonal to monoclinic
phase transformation. This creates a zone with a mixture
of tetragonal and monoclinic phases. This phase transfor-
mation is related to volume expansion, which causes the
crack to tighten and close (13, 17, 26).

From a technological point of view, PTT has been pro-
moted as a significant improvement since it enables zir-
conia’s self-repairability within the material (13, 26, 27).

LOW-TEMPERATURE DEGRADATION (LTD)
Low-temperature degradation (aging) is characterized

by spontaneous irreversible transformation change from
tetragonal to monoclinic phase, which occurs along the
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time at room temperature. LTD is a multifactorial phe-
nomenon influenced by several variables, such as tem-
perature, crystal dimension, surface defects, percent-
age and distribution of stabilizing oxide, wetness, and
mechanical stress. Explicitly, the last two factors are the
common causes of zirconia aging. LTD is known to cause
worsening of zirconia’s mechanical properties, contribut-
ing to the onset of microcracks and toughness reduction
(13, 26, 28-30).

THE MANUFACTURING PROCEDURE FOR ZIRCONIA

Zirconia restorations can be fabricated by CAD/CAM
milling based on two different production methods: soft
machining of pre-sintered or hard machining of fully sin-
tered zirconia or additvive manufacturing (13, 32).

Soft machining is the most used method based on the
milling of pre-sintered zirconia blanks (Green state) made
by cold isostatic pressing, a mixture of zirconia powder,
stabilizing oxides, and a binding agent (13). With this
method, zirconia is very homogenous, and the milling
procedure is easier. Production time, machinery wear, and
the number of surface defects are decreased. However,
20-30% of oversizing is required for this milling process
due to sintering shrinkage (11, 13, 31).

Hard machining is done by milling fully sintered zir-
conia produced by hot isostatic pressing at 1400-1500 °C
(2, 4). This method eradicates the shrinkage problem after
milling since there is no need for oversizing (11, 31). Due to
the high hardness and low machinability of fully sintered
zirconia, a longer milling time is required. Moreover, zir-
conia may undergo monolithic phase change after the hard
machining process because of mechanical stress, working
burs friction, and overheating, which can affect the me-
chanical properties of zirconia (11-13, 31).

Additive manufacturing is a technique that describes
successive adding and joining materials, whether in pow-
der or liquid form, layer by layer of fabricate prosthesis
using a 3D printer. This approach comes in many different
forms such as material extrusion, powder bed fusion, plas-
ter-based 3D printing, laminated item production, stere-
olithography, and polyjet 3D printing. The advantages of
this technology are extensive, offering almost limitless
design possibilities, the ability to create complex struc-
tures in a single production cycle, user-friendly operation,
and the flexibility to customize colors and materials for
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different sections of the print. However there are chal-
langes related to this method such as the high costs of the
required machines and software, limitations on the types
of materials that can be used, and high sensitivity to in-
consistencies in the input data (32-35).

ZIRCONIA CLASSIFICATION

1. First generation of zirconia ceramics 3 mol% yttria-sta-
bilized tetragonal zirconia polycrystalline with high alu-
mina content (3Y-TZP HA)

The first zirconia ceramics used for dental applica-
tions was 3Y-TZP HA, conventional zirconia, which con-
tains 0.25-0.5 wt% alumina and 3 mol% Y,0, (1) and 100%
tetragonal crystals. These types of ceramics began to be
used for their high toughness and flexural strength, which
is bigger than 1GPa (2, 5, 37). Their indications are limited
due to a lack of aesthetics (10). They display considerable
opacity due to their natural birefringence of noncubic zir-
conia, which leads to light scattering from grain boundar-
ies and pores (10). As a result, they are mainly indicated
as a framework for porcelain-veneered crowns and fixed
dental prostheses in the posterior region (10, 36, 37).

2. Second generation of zirconia ceramics 3 mol% yt-
tria-stabilized tetragonal zirconia polycrystalline with less
alumina content (3Y-TZP LA)

The composition of these types of zirconia has been
changed to enhance translucency. Alumina content was
decreased to less than 0.05 wt%, and the sintering tem-
perature was increased (10, 31, 37). In this way, porosity
was eliminated, and alumina grains were reduced, and
within the zirconia, the latter were repositioned, which
occurs on grain boundaries of zirconia (31). Therefore,
high light transmittance and high strength were achieved
together (31). On the contrary, this type of zirconia ceram-
ic contains metastable tetragonal zirconia, which limits
translucency (17). Due to esthetic reasons, they are not
used in the anterior region. However, they are used for
single crowns for posterior regions and long-span bridges
(17, 38).

3. Third generation of zirconia ceramics (4Y-PSZ, 5Y-PSZ,
6Y-PSZ)

The desire for more translucent zirconia ceramic
emerged because of the esthetic inadequacy of the second
generation of zirconia ceramic compared to glass ceramics
in terms of translucency (31, 33). This led to the develop-
ment of the third generation of zirconia ceramic by in-
creasing yttria content up to 4 mol%, 5 mol%, or 6 mol% (10,
18, 31, 37). This zirconia, when compared to the first and
second generation, contains not only a tetragonal phase
but also a cubic phase in the proportion of up to 50 % (31).
This significantly enhanced translucency; on the contrary,
strength and toughness were reduced since cubic zirconia
is not capable of transformation toughening (10, 18, 39).
However, the volume of cubic crystals is bigger than that
of tetragonal ones, which indicates that light scattering is
less intense at the grain boundaries and porosity, which
makes zirconia more translucent (31). Because of high
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translucency and lack of toughness, their indications are
limited to anterior crowns and veneers (18).

Although the translucency of zirconia ceramics has
improved over the years, they are monochromatic. So as to
produce restorations that mimic the natural tooth appear-
ance, polychromatic and multi-layered zirconia ceramics
were developed (40). In polychromatic zirconia, among
the different layers, the same amount of yttria content and
cubic phase is observed (40). The main difference is pig-
ment composition, which makes the difference in shade,
not in translucency (41). A different approach has been
used to produce multi-layered zirconia, where the same
material contains different compositions of yttria and
microstructures. The incisal layer is more translucent be-
cause it has more yttria content. However, increased yttria
concentration reduces mechanical properties. The cervi-
cal layer is not as translucent as the incisal layer due to a
lower concentration of yttria, but due to this, the cervical
layer has higher mechanical strength than the incisal re-
gion. Between those two layers, there is a transition lay-
er, which is a mixture of various types of yttrium oxide
(40-43). Thanks to the unique property of transmission
of shade and translucency, they have a broad spectrum of
indications, including anterior crowns and veneer, with
high esthetic expectations (18, 40).

ADHESION TO ZIRCONIA AND CEMENT SELECTION

Zirconia lacks an amorphous glassy matrix; because of
this, it cannot be pre-conditioned by using hydrofluoric
acid etching (13, 44). In order to achieve good adhesion to
zirconia ceramics, several methods were suggested (44,
45). However, the first step for adhesion is to create a con-
taminant-free surface (45). This is carried out by polish-
ing with papers, sprays, milling cutters of silicon carbide
ranging between 220 to 4000 grit, ultrasonic cleaning, or
using different solutions such as water, alcohol, acetone,
ethanol, and isopropanol with a usage time between1to 10
minutes (44, 45). Special cleaning agents are recommend-
ed to use in order to eliminate surface contamination in
the oral cavity after try-in (46, 47). Two commercial brands
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are mostly used: Ivoclean and Katana cleaner. According
to the manufacturer’s scientific information, the effect
of Ivoclean in removing saliva contaminants might be
explained by the balance of chemical reactions, in which
the direction of the solution balance relies on the concen-
tration of the reaction partner. With a higher amount of
one reactant, binding to that reactant is much more likely
than to any other less common reactant. This material is
composed of an alkaline suspension of zirconia particles;
because of this, Ivoclean can be applied only extraorally
before cementation. Phosphate contaminants from sali-
va on the surface of ceramic restoration will bind based
on the size and concentration of these zirconia particles
in Ivoclean, thus supporting the cleaning action on the
zirconia surface (46, 47-49). Katana Cleaner is an acidic
solution composed of 10-MDP (10-methacryloyloxydecyl
dihydrogen phosphate) salts. Thanks to 10-MDP salts,
Katana Cleaner can be used intraorally and extraorally.
This chemical can neutralize fatty acids, adjust and buffer
pH, and dissolve oils and other components that are not
water-soluble. The hydrophobic part of the 10-MDP salt
forms a bond with contaminants. In contrast, the hydro-
philic part of the 10-MDP salt does not form bonds; thus,
the contaminants can be removed by rinsing with water
(46, 47, 50).

Sandblasting is a process that uses the energy dis-
charged by the bounce of alumina particles that are gen-
erated by a high-speed source (45, 51). With this method,
surface energy, roughness, wettability, and appearance
of a hydroxyl group, which will create a bond between
primer and cement, are increased (44). On the contrary,
sandblasting can cause surface deformation, defects, and
cracks; consequently, the mechanical properties of zirco-
nia might be jeopardized (52). For this reason, it is essen-
tial to carry out this process based on adequate parameters
regarding pressure, distance from the source, and parti-
cle size (44, 45, 53). These parameters vary in particle size
from 30 to 110 pm, pressure from 0.5 to 4 bar, and distance
from the source from 10 to 20 mm (44). However, 2 bar
pressure and 50 pm particle size are recommended (54,
55-57).

Tribochemical silica coating is another approach to
increase adhesion to zirconia (44, 45). It is a sandblasting
process done by blasting alumina particles covered by sili-
ca onto the zirconia surface. (44, 45, 58). This process cre-
ates an uneven surface while fusing silica into a zirconia
structure, allowing the application of silane as a coupling
agent (44, 45, 59). This leads to the appearance of chemical
chains of siloxane between cement and residual silica, in-
creasing adhesion and improving the wettability and sur-
face energy of zirconia (44). Tribochemical silica coating
is done by two methods: the Rocatec system is based on
the traditional sandblasting process followed by the use of
silica-coated alumina particles (110 pm). Another system
is the Cojet system, which uses alumina particles (50 pm)
covered by silica, and the Cojet system can be performed
at chair side (60). The pressure used with these systems
ranges from 0.8 to 4 bar. However, crack propagation is
observed when used at high pressure because a pressure
of 1.8-2.8 bar is recommended to achieve a significant in-
crease in adhesion (44, 51, 56).
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Fusion sputtering, as described by Aboushelib (61), is a
technique for creating a rough zirconia surface by spray-
ing an air-water jet carrying microscopic zirconia parti-
cles (4-12 pm) on non-sintered zirconia (61, 62). After the
sintering process, these microscopic non-sintered parti-
cles fuse to underlying zirconia. Therefore, surface area
and surface roughness is increased (61-63). 3 bar, 7-12 pm
particle size, 20 mm distance from a target, and 5-second
application time were advised to obtain adequate adhesion
to zirconia (62, 64).

Selective infiltration etching is another method to
modify the zirconia surface (44, 45). Zirconia is covered by
silica-based material, which diffuses within the zirconia
structure at 960°C. Afterward, hydrofluoric acid is applied
forabout 10 minutes to dissolve the glass component. In this
way, the zirconia surface becomes roughened (64, 65, 67, 68).

Lasers were also used to alter the surface of zirconia
(44, 45, 63). The goal of laser application is to create a
rough surface and increase wettability, which will allow
micromechanical interconnection with the resin (69). Sev-
eral types of lasers (Er: YAG, Nd: YAG, Yb: YAG, CO,) have
been used with different parameters of power, energy in-
tensity, distance, and duration (70-72).

The hot acid etching method relies on a controlled cor-
rosion process and the metallic character of zirconium
(60). Acid selectively etches zirconia, and it creates mi-
cro-retention areas on the surface by removing less ar-
ranged atoms (63, 72). Various acidic solutions have been
suggested, such as phosphoric acid, nitric acid, and hydro-
fluoric acid (68-70).

Functional monomers are those that show reactive
side-chain groups whose purpose is to synthesize more
complex compounds (75). They contain at least one po-
lymerizable and functional group (76). However, 10-
MDP (10-Methacryloyloxydecyl dihydrogen phosphate),
4-META (4- 4-methacryloyloxy ethyl trimellitate anhy-
dride), 6-MHPA (6-methacryloyloxy ethyl phosphono-
acetate), 3-TMSPMA (3-(Trimethoxysilyl) propyl meth-
acrylate), MAC-10 (11-methacryloyloxy-1,1-undecane
dicarboxylic acid) are used. 10-MDP is currently the most
popular functional monomer since it provides long-term
reliable adhesion (44, 45, 76). 10-MDP has two terminal
groups. In one terminal, there is phosphoric acid, which
gives a reaction with zirconia and creates a phosphate -
oxygen - zirconium bond. At the other end of the mole-
cule, there is a vinyl group that has a role in copolymeriza-
tion with resin. Between these two groups, a carbon chain,
which is responsible for viscosity, rigidity, hydrophobicity,
and solubility, stands (44).

For zirconia cementation, conventional and adhesive
resin cements are indicated (77, 78). Conventional cements
are indicated for full coverage zirconia restorations, con-
sidering the simple and less demanding procedure (77).
Adhesive cements are used to achieve better marginal
seals and improve retention and fracture resistance (77).

CONCLUSION

Zirconia ceramics have shown significant technological
development over the past ten years, which has led to a
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wide range of applications. Zirconia ceramics are the ideal
choice of material for demanding restorations and highly
aesthetic constructions thanks to the unique features of
zirconia ceramics, such as strength, resistance to wear,
resistance to corrosion, and aesthetic features.
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Positive Mothers

Josef Urbanec*?*, Katefina Chladkova**, Magdalena Chvilova Weberova?, Sylva Skalova®, Jan Kremlacek**

ABSTRACT

Despite advances in neonatal care, neonatal jaundice remains a common problem in maternity wards. The present retrospective
epidemiological study collected data on a sample of 710 newborns and compared the incidence of neonatal jaundice in infants born to Rh
(D) negative and 0 Rh (D) positive mothers. The primary aim was to determine whether the higher incidence of maternal alloimmunisation
in newborns was causally related to a potentially higher incidence of neonatal jaundice in newborns of 0 Rh (D) positive mothers. To the
end, we investigated a possible association between the incidence of neonatal jaundice in 0 Rh (D) positive mothers and the neonatal blood
group. The incidence of neonatal jaundice was not found to differ between maternal blood groups. We discuss new preventive measures
that may reduce the incidence of neonatal jaundice and thereby reduce the length of hospital stay.
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A Study of the Incidence of Neonatal Jaundice

SUMMARY

Neonatal jaundice is a common diagnosis in the neonatal
period, occurring in more than half of all newborns. Most
cases represent the physiological postnatal jaundice that
does not threaten the life or development of the child and
resolves spontaneously. Less commonly, early onset of
jaundice is a symptom of a condition that can threaten the
newborn’s health. A typical example is haemolytic disease
of the foetus and newborn. In this article we report a ret-
rospective epidemiological study of over seven hundred
newborn babies. We compared the incidence of neonatal
jaundice between maternal blood groups with negative
Rh (D) factor and mothers with blood group 0 Rh (D) posi-
tive and the incidence of maternal alloimmunisation. This
study didn’t confirm statistically significant differences in
the incidence of neonatal jaundice between newborns of
Rh (D) negative and 0 Rh (D) positive mothers (P = 0.292).
The incidence of alloimmunisation was also comparable in
both groups of newborns. These results confirm the need
to monitor 0 Rh (D) positive mothers during pregnancy
and their newborns after delivery to prevent the develop-
ment of severe neonatal jaundice. This practice is already
common and standard in most neonatal units.

INTRODUCTION

Neonatal jaundice affects almost half of all newborns and
is one of the most common problems in all neonatal units
(1). Jaundice becomes visible at a serum bilirubin level of
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60-80 pmol/L and above. Typical symptoms include yel-
low skin and mucous membranes, scleral discolouration,
poor feeding and excessive sleepiness (1-3). Bilirubin is
the product of haemoglobin metabolism from the acceler-
ated breakdown of fetal red blood cells (RBCs). Unconju-
gated (free, indirectly reactive) bilirubin is a hydrophobic
molecule that is normally bound to plasma albumin and
transported to the liver. In hepatocytes, bilirubin is bound
to glucuronic acid by glucuronosyltransferase. Conjugat-
ed (directly reactive) bilirubin is excreted in the bile and
passed into the small intestine (see Figure 1) (4). Based on
these findings, a distinction can be made between uncon-
jugated and conjugated hyperbilirubinemia. The study
reported in this article deals only with unconjugated
hyperbilirubinemia.

The most common cause of hyperbilirubinemia in new-
borns is physiological postnatal jaundice. Its onset usually
peaks on the second or third day after birth. It is influ-
enced by several factors, most importantly by an increased
number of fetal RBCs and therefore a higher haematocrit.
Fetal RBCs are developmentally adapted to a lower partial
pressure of oxygen in the blood. After birth, the partial
pressure of oxygen is increased, causing the RBCs to de-
grade more rapidly and the serum bilirubin level to rise.
The hepatobiliary system is also less mature in neonates
than in adults (1). Several studies have examined the effect
of early initiation of breastfeeding in reducing the risk of
neonatal jaundice, suggesting that it may reduce neonatal
weight loss after birth (5).

The onset of jaundice in the first hours after birth is
always pathological. It may be an early symptom of several

Enterohepatic
circulation

Urobilinogen

Fig. 1 Bilirubin metabolism and excretion. Haemoglobin and other haem proteins are released from the breakdown fetal red blood

cells (RBCs). Unconjugated bilirubin is bound to albumin and transported to the liver. When the albumin binding capacity is saturated,
unconjugated bilirubin can cross the blood-brain barrier and can form deposits (core icterus). In hepatocytes the bilirubin is conjugated
with glucuronic acid. Conjugated bilirubin is water-soluble and excreted into the bile and passed into the small intestine. Bacterial
oxygenation converts bilirubin into urobilinogen and stercobilinogen, which stains the stool. Part of conjugated bilirubin or urobilinogen
are reabsorbed by the enterohepatic circulation. Scheme adopted and freely modified from Lissauer T, Clayden G. Neonatal medicine.
In: Illustrated Textbook of Paeditrics. 4th edition. Mosby, Elsevier; 2011: 168-172.
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Fig. 2 Scheme of the maternal alloimmunisation and transplacental transfer of antibodies. Typically, the immune system of a Rh (D)
negative mother, or less commonly a 0 Rh (D) positive mother, is stimulated by a previous fetomaternal haemorrhage and can produce
antibodies. The IgG immunoglobulins cross the placental barrier, enter the fetal circulation during the next pregnancy and bind to the fetal
red blood cells (RBCs), causing severe haemolysis. RBCs with bound antibodies are destroyed in the reticuloendothelial system. Scheme
adapted and freely modified from MedlinePlus [Internet]. Bethesda (MD): National Library of Medicine (US); Hemolytic disease of the
newborn [reviewed 2023 Dec 31]. Available from: https:/medlineplus.gov/ency/article/001298.htm.

diseases (e.g. early infection, inborn errors of metabolism,
spherocytosis). In this article, we focus on the epidemi-
ology of haemolytic disease of the foetus and newborn
(HDFN), excluding other causes of hyperbilirubinemia.
HDFN was described in 1941 by the immunohaematologist
Phillip Levin and his colleagues on the basis of maternal
alloimmunisation (6). The key factor in the pathophysiol-
ogy of the alloimmune response is the Rhesus (Rh) factor.
The Rh factor is an inherited protein of RBCs that is de-
termined by several antigens. The most important is anti-
genD. Its presence is called Rh (D) positive and its absence
Rh (D) negative. Antigen D is a powerful immunological
stimulant (7). The immune system of the Rh (D) negative
mother is stimulated after a previous pregnancy or abor-
tion of the Rh (D) positive newborn/foetus (when even
minimal fetal haemorrhage occurs) and produces anti-
bodies. These immunoglobulins cross the placental barrier
and enter the fetal circulation during the next pregnancy
and bind to Rh (D) positive fetal RBCs (see Figure 2). In
rare cases, maternal alloimmunisation can be caused by
an incorrectly administered transfusion or invasive diag-
nostic procedures - amniocentesis, chorionic villus sam-
pling (8, 9). RBCs with bound antibodies are increasingly
taken up and destroyed in the reticuloendothelial system.
The resulting fetal anaemia can lead to tachycardia, fetal
hydrops and even miscarriage if not treated appropriately
(see Figure 3) (6). Classical HDFN is mostly described in
Rh (D) negative mothers, but up to 25% of severe cases of
HDFN occur in Rh (D) positive mothers. In newborns
of 0 Rh (D) positive mothers, it has been suggested that
different neonatal blood groups may result in different
levels of antigenic stimulation. This stimulation could lead
to increased antibody production. A higher incidence of

maternal alloimmunisation can be expected, especially in
neonates with blood groups A and B (10, 11). The high inci-
dence can also be attributed to other types of Rh antibod-
ies, such as anti-c. As mentioned above, the incidence of
severe HDFN caused by incompatibility in the ABO blood
system is comparable to the incidence of HDFN caused
by Rh incompatibility. In the case of fetal-maternal blood
group incompatibility, [gM antibodies are produced which
cannot cross the placental barrier due to their pentamer-
ic molecular structure. However, some women produce
IgG antibodies (namely IgG anti-A haemolysin antibodies
in blood group A children and IgG anti-B haemolysin an-
tibodies in blood group B children) which can cross the
placental barrier and cause immune haemolysis of RBCs.
Taking this mechanism into account, a higher incidence
of maternal alloimmunisation or HDFN can be expected in
children born to 0 Rh (D) positive mothers (3).

In HDFN, unconjugated hyperbilirubinemia can rise
to levels that significantly exceed the binding capacity of
plasma proteins. Bilirubin crosses the blood-brain barri-
er in excess, and bilirubin encephalopathy may develop,
with deposits mainly in the basal ganglia and midbrain.
If treatment is not started (phototherapy, intravenous
immunoglobulins or, in extreme cases, exchange transfu-
sion), the brain damage may become permanent. This is
also known as kernicterus (8). The main treatment meth-
od used today is phototherapy. This involves using a lamp
that emits the blue-green spectrum of visible light (wave-
lengths 430-490 nm). The light disrupts the structure of
bilirubin, facilitating its metabolism and removal. For the
first-line treatment of mild hyperbilirubinemia, alamp or
bili-bed is used. This is called general or conventional pho-
totherapy. When the bilirubin level rises to the threshold
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Fig. 3 Hydrops foetalis. Increased destruction of fetal RBCs may
result in anaemia. Severe anaemia can cause tachycardia and
even heart failure associated with pericardial and pleural effusion,
ascites, and skin oedema. All these symptoms are part of hydrops
foetalis. If the anaemia is not adequately treated, it may lead to
miscarriage.

for exchange transfusion, second-line treatment is indi-
cated, which is intensive phototherapy. This method uses
two lamps with the same light characteristics. The irradi-
ance of the light measured on the baby’s skin below the
centre of the phototherapy lamps is stronger compared to
conventional phototherapy.

NEWBORNS COHORT AND METHODS

This paper presents a retrospective epidemiological study
of newborns. Clinical and laboratory data were collected
at the neonatal department of the Havli¢kv Brod Hospital
between 12/2020 and 6/2022. These data were then sta-
tistically processed, i.e. the incidence in different groups
was evaluated with the y? test. The study group included
710 newborns born to mothers with blood groups A, B, AB,
0 Rh (D) negative and mothers with 0 Rh (D) positive. This
selection of newborns is based on the screening of Rh (D)
negative mothers to prevent the development of HDFN
in subsequent pregnancies. The introduction of blood
group testing of newborns of 0 Rh (D) positive mothers
was prompted by the increased incidence of HDFN. Blood
groups are not routinely tested in newborns of A and
B Rh (D) positive mothers. Although HDFN can also occur
in these infants, maternal alloimmunisation is less com-
mon. Therefore, investigation would be costly and, with
current medical knowledge, would not allow intervention
in the planning of the next pregnancy.

Inclusion criteria for the participants were: birth in
the 36th week of gestation and later, no severe peripartum
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hypoxia (Apgar score in the first minute 5 points and
above), no medication except the usual prophylaxis with
vitamin K (1). Laboratory investigations of each participant
after delivery from umbilical cord blood sample consisted
a blood group, total umbilical bilirubin (umol/L) and di-
rect antiglobulin test (DAT). These tests should be standard
in neonatal care. The diagnostic criteria for HDFN in this
study were a positive umbilical PAT, anaemia in the first
postnatal blood sample (haemoglobin 140g/L and below),
and jaundice requiring phototherapy treatment. We did
not monitor the occurrence of concomitant neonatal inju-
ries such as cephalohaematoma, which can increase hyper-
bilirubinemia levels and cause severe neonatal jaundice.
These injuries are common in newborns with delayed ad-
aptation after birth, which were not included in this study.

The incidence of neonatal hyperbilirubinemia was as-
sessed using a transcutaneous bilirubinometer, usually
twice a day until discharge. More frequent transcutaneous
monitoring was indicated by the paediatrician, especially
in newborns with elevated umbilical bilirubin or positive
DAT. Elevated umbilical or transcutaneous bilirubin lev-
els above the cut-off value prompted subsequent serum
bilirubin testing. Hodr-Polacek charts were used to assess
hyperbilirubinemia. These charts were historically used in
this department. Nowadays they are replaced by charts of
the American Academy of Pediatrics (AAP) recommended
by the Czech Society of Neonatology. As mentioned above,
children born to A and B Rh (D) positive mothers were not
included because the blood group of these children is not
routinely checked. Their blood groups are only tested if
there is a suspicion of HDFN. This could distort the inci-
dence of HDFN.

RESULTS

710 healthy newborns were included in this study. The
mean gestational age at birth was 39%’ weeks (from
36 to 42 weeks of gestation). The mean birth weight was
3425 grams (minimum 2300 g, maximum 4630 g), the
mean birth length was 50 centimetres (minimum 44 cm,
maximum 55 cm). The average Apgar score was 9 points in
the first minute and 10 points in the fifth and tenth min-
utes. As shown in the bottom three rows of Table 1, out of a
total of 710 newborns, 137 were children of Rh (D) negative
mothers (19.3%) and 573 were children of 0 Rh (D) posi-
tive mothers (80.7%). Both groups of newborns had similar
characteristics. There were no statistically significant dif-
ferences in the characteristics of neonates born to Rh (D)
negative and O Rh (D) positive mothers.

Serum bilirubin was elevated above the physiologi-
cal limit according to the charts in 85 infants for whom
phototherapy was indicated. 20 of these newborns had
Rh (D) negative mothers and the remaining 65 newborns
had 0 Rh (D) positive mothers (see Table 1). The mean
duration of phototherapy was almost the same in both
groups, 47 and 47.4 hours, respectively. The incidence of
alloimmunisation (positive umbilical DAT) was compara-
ble in both groups of neonates (see Table 2). The incidence
of hyperbilirubinemia in the newborns of Rh (D) negative
and 0 Rh (D) positive mothers was compared using the
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Tab. 1 Incidence of neonatal jaundice (indexed by indication for
phototherapy) in the sample of 710 newborns, split by maternal Rh
(D): Rh (D) negative pooled across maternal blood groups 0, A, B,
AB, and Rh (D) positive pooled across maternal blood group 0.

Josef Urbanec et al. Acta Medica (Hradec Krélové)

Tab. 3 Incidence of common and intensive phototherapy compared
with maternal alloimmunisation in neonates born to 0 Rh (D)
positive and all Rh (D) negative mothers. Positive maternal
alloimmunisation is similar in both groups.

Tab. 2 Incidence of neonatal jaundice (indexed by indication for
phototherapy) in the sample of 710 newborns, split by neonatal
blood group and maternal Rh (D).

Maternal Rh (D) factor Maternal Phototherapy indicated in newborns
Phototherapy N P Total blood group Common Intensive Total
Observed 20 65 85 58 7 65
Yes % within row 23.5% 76.5% 100.0% 0 Rh (D) positive Maternal alloimmunisation (DAT) positive
% within column | 14.6% 11.3% 12.0% 17 5(71%) | 22(33.8%)
Observed 117 508 625 18 2 20
Nop | % within row 18.7% 81.3% 100.0% AlLRh (D) negative | Maternal alloimmunisation (DAT) positive
% within column | 85.4% 88.7% 88.0% 4 | 2(100%) | 6(30%)
Observed 137 573 710
Total | % within row 19.3% 80.7% 100.0%
% within column | 100.0% | 100.0% | 100.0% criteria for HDFN (ABO incompatibility). The incidence of

HDFN in this study was 0.14% of all newborns and 1.17% of
newborns with neonatal jaundice for whom phototherapy
was indicated, respectively. Despite proven alloimmuni-
sation, no neonates with severe haemolytic anaemia re-
quiring transfusion, administration of IVIG or exchange
transfusion were reported.

PR T The sample was also characterised according to neo-
blood Rh (D) Phototherapy indicated Total natal blood group, based on our assumption that differ-
group mother No Yes ent neonatal blood groups could lead to differences in the
N 18 ; e strength of antigenic stimulation (10, 11). Table 4 shows
the incidence of neonatal jaundice responding to photo-
0 P 296 2 321 therapy according to neonatal blood group and maternal
Total 344 32 376 blood group.
N 50 5 55 The incidence of jaundice in newborns of Rh (D) neg-
A P 144 78 172 ative versus O Rh (D) positive mothers, by neonatal blood
Total 194 33 227
N
Tab. 4 Incidence of neonatal jaundice (indexed by indication for
AB P 0 0 phototherapy) in the sample of 710 newborns, subdivided by
Total 6 neonatal blood group and maternal Rh (D). The percentages show
N 16 5 n the incidence of jaundice for each subgroup compared to the total
number of children.
B P 68 12 80
Total 84 17 101 E‘;‘:)Ttal Maternal | Phototherapyindicated |~
N 117 20 137 group Rh (D) No Yes
Total P 508 65 573 N 48 7(12.7%) 55
Total 625 85 710 0 P 296 25 (7.8%) 321
Total 344 32 376
N 50 5 (9.0%) 55
x* test. The test showed no statistically significant differ- | , p 144 28 (16.2%) 172
ence in the incidence of neonatal jaundice between Rh (D) l :
negative and 0 Rh (D) positive mothers (x> = 1.111, df = 1, Tota 194 33 227
P=0.292). N 3 3(50.0%)
In a more detailed analysis of the 65 children of ORh | AB P 0 0(0.0%)
(D) positive mothers, maternal alloimmunisation was de- Total 3 3
tected in 22 newborns. 7 newborns had bilirubin levels N 16 5 (23.8%) )1
above the threshold for intensive phototherapy. Mater- =2
nal antibodies (positive umbilical DAT) were confirmed | B P 68 12 (15.0%) 80
in 5 of these 7 newborns. For comparison, 2 infants of Rh Total 84 17 101
(D) negative mothers were indicated for intensive photo- N 117 20 (14.6) 137
therapy and both infants were DAT positive (see Table 3). Total > c08 65 (11.3) 73
This therapy was successful in all cases. There was only '
one newborn of a 0 Rh (D) positive mother who met the Total 625 85 710
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Tab. 5 Incidence of neonatal jaundice (indexed by indication for
phototherapy) in the sample of 710 newborns, split by neonatal
blood group and maternal Rh (D). The abbreviation NaN (Not a
Number) stands for no number.

Neonatal blood group Value df p

0 X 1.47 1 0.2252
N 376

A X 1.73 1 0.1880
N 227

AB X NaN 1 NaN
N 6

8 X 0.92 1 0.3369
N 101

otal X 1.11 1 0.2918

ota
N 710

group, was tested using separate ¥ tests. For none of the
newborn blood groups did the tests detect a statistically
significant difference between the incidence in newborns
of Rh (D) negative versus 0 Rh (D) positive mothers (see
Table 5). Therefore, we cannot conclude that there is an
association between the development of neonatal jaundice
and the blood groups of mothers and newborns. This null
result should be interpreted with caution, as the lack of
effect could be due to the small number of children repre-
sented especially for newborns blood type AB (only 3 new-
borns in this subgroup). However, given the caveats about
interpreting null effects (where failure to detect an effect
does not mean that the effect does not exist), further re-
search with larger samples is needed to better understand
the relationship between maternal Rh (D), neonatal blood
group and the incidence of neonatal jaundice.

DISCUSSION

Before the introduction of prophylaxis in Rh (D) negative
mothers with anti-D antibodies (introduced in the former
Czechoslovakia in the 1980s), the worldwide incidence of
HDFN was about 1% of all newborns and the mortality rate
reached the level of 50% (12, 13). With the introduction of
prophylaxis, the incidence of HDFN in newborns of Rh (D)
negative mothers has decreased to about 0.5%. Nowadays,
the incidence of Rh (D) and ABO alloimmunisation is sim-
ilar (14). In our study, the incidence of ABO alloimmunisa-
tion was present in approximately 1% of ABO mismatched
pregnancies. The results of our study correlate with other
reviewed studies - the incidence of maternal alloimmuni-
sation was not found to differ between the studied groups
of newborns (10). These results don’t support the initial
hypothesis of a higher incidence of neonatal jaundice in
newborns of 0 Rh (D) positive mothers. It’s still necessary
to continue with the established prophylaxis mentioned
above. However, the incidence of neonatal jaundice and
ABO alloimmunisation might be higher with extended
screening of newborns of all Rh (D) positive mothers.
Because of this incidence, prenatal screening for ma-
ternal antibodies to the minor antigens of the Rh factorand

51

other RBC antigens (e.g. anti-C and anti-K) is essential (ref
7, 8, 15-17). Combined first and third trimester screening
for these antibodies has already been introduced in sev-
eral countries (e.g. the Netherlands) to detect alloimmu-
nisation not captured at first trimester screening (“late”
alloimmunisation) and subsequent HDFN (8). The results
of this screening showed that Rh antibodies were found in
1in 300 pregnant women. Since 2011, the Czech Repub-
lic has introduced first and third trimester screening (at
12 and 28 weeks’ of gestation) for numerous maternal an-
tibodies (C, Cw, ¢, D, E, ¢, K, k, Fya, Fyb, Jka, Jkb, S, s, M,
N, Lea) (18). These antibodies are more common in Rh (D)
negative women, but further research may shed new light
on the alloimmunisation of newborns of Rh (D) positive
mothers. This knowledge would be important as the onset
of jaundice caused by alloimmunisation in newborns of
0 Rh (D) positive mothers could be as rapid as in newborns
of Rh (D) negative mothers (19). Pathological elevation of
umbilical cord bilirubin is also observed, and serum bili-
rubin may reach higher levels. Possible prevention of new
antigens may lead to a reduction in the incidence of HDFN,
similar to the previously established anti-D prophylaxis
(20). New interventions would reduce neonatal morbid-
ity associated with multiple neonatal jaundice and have
also economic benefits. The authors suggest that further
research into alloimmunisation in children born to 0 Rh
(D) positive mothers would improve the quality of care for
neonates born to A and B Rh (D) positive mothers.

CONCLUSION

This study compared the incidence of pathological neo-
natal jaundice in neonates born to Rh (D) negative and
0 Rh (D) positive mothers. Contrary to our expectations,
based on screening practice and universal HDFN prophy-
laxis in all Rh (D) negative mothers, the predicted higher
incidence of jaundice due to maternal alloimmunisation
in 0 Rh (D) positive mothers wasn't confirmed. There are
no reports in the reviewed literature of similar data prior
to the introduction of the now widespread HDFN prophy-
laxis in Rh (D) negative mothers. In line with the present
results, which didn’t show a higher incidence of neonatal
jaundice in Rh (D) negative compared to Rh (D) positive
mothers, we confirm the need to monitor Rh (D) positive
mothers and their newborns. However, this practice was
introduced in our neonatal units only a few years ago.
Its initiation was also the impetus for the conduct of this
study.
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Impact of Age on Predictive Capabilities
of Ferritin, Ferritin-Hemoglobin Ratio, IL-6,
and sIL-2R for COVID-19 Severity and Mortality

Oleksii Skakun®*, Yaroslava Vandzhura?, Ihor Vandzhura?, Khrystyna Symchych?, Anton Symchych*

ABSTRACT

The study aimed to establish the impact of age on the predictive capability of ferritin, ferritin-hemoglobin ratio (FHR), IL-6, and sIL-2R

in COVID-19 patients. Compared to patients with moderate condition, patients with severe condition had higher ferritin level (441.0
[188.0-829.8] ng/mL vs 281.0 [172.0-388.0] ng/mL, p = 0.002), sIL-2R level (6.0 [4.7-9.0] pg/mL vs 5.3 [3.7-6.9] pg/mL, p = 0.020),

FHR (38.4 [15.1-63.4] vs 22.0 [12.1-32.1], p = 0.002). The area under the curves (AUC) for discriminative capabilities of the following
biomarkers for severe condition were assessed in patients aged <65 years and patients aged >65 years: ferritin (AUC = 0.585, p = 0.309 vs
AUC = 0.683, p = 0.002), FHR (AUC = 0.589, p = 0.302 vs AUC = 0.688, p = 0.002), IL-6 (AUC = 0.503, p = 0.972 vs AUC = 0.647, p = 0.019),
and sIL-2R (AUC = 0.549, p = 0.552 vs AUC = 0.646, p = 0.017). Also AUCs for discriminative capabilities for in-hospital mortality were
compared in patients aged <65 years and 265 years: ferritin (AUC = 0.607, p = 0.628 vs AUC = 0.661, p = 0.105), FHR (AUC = 0.612, p = 0.621
vs AUC = 0.688, p = 0.002), IL-6 (AUC = 0.580, p = 0.724 vs AUC = 0.695, p = 0.016), and sIL-2R (AUC = 0.620, p = 0.491 vs AUC = 0.695,

p = 0.029). Thus, ferritin, FHR, IL-6, and sIL-2R didn’t show acceptable predictive value for severe condition and lethal outcome in patients
aged <65 years but had high predictive value for lethal outcome in patients aged 265 years.
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INTRODUCTION

COVID-19 pandemic significantly impacted the social,
health, and economic spheres of human life (1). According
to WHO reports, as of 12 October 2023, there were over
771 million confirmed cases of COVID-19 and almost 7 mil-
lion deaths related to this disease worldwide (2). Globally,
the case-fatality rate is 0.90% (3). Among hospitalized pa-
tients, the death rate at 30 days is almost 6.0% (4). How-
ever, the full impact of COVID-19 seems to be much more
significant, than reported deaths, as excessive mortality is
found to be significantly higher (5).

COVID-19 leads to a hyperinflammatory state result-
ing in lung damage, acute respiratory distress syndrome,
as well as multi-organ failure (6). There are multiple bio-
markers that reflect systemic inflammation. Serum ferri-
tin is one of them (7-9). Many studies showed that serum
ferritin level is a predictor of severe COVID-19 and lethal
outcomes (10-13). However, several studies showed that
ferritin is an insufficiently accurate predictor of adverse
outcomes in patients with COVID-19 (14, 15). Predictive
abilities of ferritin-hemoglobin ratio (16), ferritin-lym-
phocyte percentage ratio (17, 18), and ferritin-albumin ra-
tio (19) were studied to improve ferritin role in the predic-
tion of severe COVID-19 and mortality. Higher predictive
accuracy of the abovementioned ratios compared to sin-
gle ferritin is explained by the fact that severe COVID-19
is accompanied by an increase in ferritin level (20, 21), a
decrease in hemoglobin (22) and albumin (23, 24) levels, as
well as lymphocyte count (25-27). However, age has a great
effect on ferritin levels in COVID-19 patients (28)

Soluble interleukin-2 receptors (sIL-2R) and interleu-
kin-6 (IL-6) are other important predictors of adverse out-
comes in patients with COVID-19 (29, 30). It’s known that
age impacts levels of both IL-6 (31) and sIL-2R (32) too.

Therefore, given that age impacts levels of serum fer-
ritin, IL-6, and sIL-2R, it’s important to establish whether
age impacts the predictive capability of these biomarkers.
So, this study aims to establish the influence of age on the
predictive capability of ferritin, ferritin-hemoglobin ratio,
IL-6, and sIL-2R in patients hospitalized for pneumonia as-
sociated with COVID-19.

MATERIALS AND METHODS

One hundred thirty-five patients hospitalized for pneu-
monia associated with COVID-19 between March and June
2021 were included in this study. SARS-CoV-2 was con-
firmed in each patient with PCR or ELISA test (IgM levels).
Pneumonia was confirmed in each patient radiologically
(either X-ray or chest computed tomography). Levels of
ferritin, IL-6, and sIL-2R were assessed at the moment of
hospital admission. To calculate the ferritin-hemoglobin
ratio, the serum ferritin level (ng/mL) was divided by he-
moglobin level (g/dL).

COVID-19 severity was established according to the Pro-
tocol of Medical Care of Coronavirus Disease (COVID-19)
(33). A severe clinical condition was diagnosed in patients
with at least one of the following signs: oxygen satura-
tion <93%, respiratory rate =30 breaths per minute, and
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radiologically established pulmonary infiltrates involving
>50% of the lung area. The critical clinical condition was
established in patients with at least one of the following
conditions: altered consciousness (<14 points according
to Glasgow Coma Scale), acute respiratory distress syn-
drome, sepsis-III criteria, and multiple organ dysfunction
syndrome. The moderate clinical condition was diagnosed
in COVID-19 patients with pulmonary involvement con-
firmed radiologically who don’t meet criteria of severe or
critical clinical conditions.

An informed consent was signed by each potential pa-
tient before enrollment into the research. The approval of
the Ethics Committee of Ivano-Frankivsk National Med-
ical University (No 134/23) has been acquired. The study
has been performed according to the Declaration of Hel-
sinki.

Software MedCalc and MS Excel were used for statisti-
cal processing. The distribution of variables was evaluated
Shapiro-Wilk test. The variables with abnormal distribu-
tion were shown as a median and interquartile range. Cat-
egorical variables were presented as a total count accom-
panied by a corresponding percentage. Mann-Whitney U
test, Chi-squared test, and Spearman’s rank correlation
were used. Receiver operating characteristic (ROC) curves
were constructed and the area under the curve (AUC) was
computed. Sensitivity, specificity, and Youden index were
determined. Also, a comparison of two AUCs was per-
formed. P-values less than 0.05 were considered to be sta-
tistically significant.

RESULTS

Participants characteristics. The participants had a median
age of 67.0 (61.0-74.0) years. The median value of body
mass index in enrolled patients was 27.0 (24.6-31.8) kg/m>.
The median oxygen saturation in patients at the moment
of admission was 95.0 (93.0-96.0)%. Among the partici-
pants, there were 53 (39.3%) men and 82 (60.7%) women.
The median hemoglobin level at the moment of hospital
admission was 13.1 (12.2-14.2) g/dL. The median ferritin
level at admission was 349.0 (183-595.8) ng/mL. The me-
dian ferritin-hemoglobin ratio was 25.7 (13.3-45.8). The
median IL-6 level at the moment of hospital admission
was 44.4 (13.0-91.8) pg/mL. The median sIL-2R level at the
moment of hospital admission was 5.6 (4.2-7.7) ng/mL.

Severe/critical conditions during the in-patient stay
developed in 72 (53.3%) patients, and moderate condition
was diagnosed in 63 (46.7%) patients. Supplemental oxy-
gen was used in 62 (45.9%) patients. During the in-hospital
stay, 14 (10.4%) patients died. Laboratory parameters in ac-
cordance with COVID-19 severity and mortality are shown
in table 1. Ferritin, ferritin-hemoglobin ratio, and sIL-2R
at admission were higher in patients with severe/critical
conditions than in patients with moderate conditions.
Non-survivors had a higher ferritin-hemoglobin ratio at
hospital admission.

Discriminative and predictive capabilities of ferritin, fer-
ritin-hemoglobin ratio, IL-6, and sIL-2R. Discriminative
capabilities of ferritin, ferritin-hemoglobin ratio, IL-6,
and sIL-2R for severity and mortality are shown in table 2
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Tab. 1 Laboratory parameters in the enrolled patients at the moment of hospital admission.
Severity Mortality
Laboratory derate Severe/critical . .
parameter ,(\:I:::ldition condition P Survivors Non-survivors P
Hemoglobin, g/dL | 130.5(123.0-140.0) | 131.0(121.0-142.0) | 0.986 | 131.0(123.5-142.0) | 122.0(112.8-141.5) 0.237
Ferritin, ng/mL 281.0(172.0-388.0) | 441.0(188.0-829.8) | 0.002 | 337.0(179.0-549.0) | 467.5(397.0-1008.0) | 0.066
FHR 22.0(12.1-32.1) 38.4(15.1-63.4) 0.002 24.5(13.1-44.6) 40.1(29.9-95.3) 0.047
IL-6, pg/mL 36.2(8.1-71.4) 56.4(16.2-105.3) | 0.055 | 40.4(11.5-81.7) 80.4 (26.8-153.7) 0.063
sIL-2R, ng/mL 5.3(3.7-6.9) 6.0 (4.7-9.0) 0.020 5.4(3.9-7.6) 7.1(5.0-9.5) 0.094
Abbreviations: FHR, ferritin-hemoglobin ratio; IL-6, interleukin-6; sIL-2R, soluble interleukin-2 receptors.
Tab. 2 Discriminative capabilities of laboratory parameters for the disease severity and mortality.
Severity Mortality
Laboratory parameter
AUC SE p AUC SE p
Ferritin 0.653 0.049 0.002 0.651 0.087 0.083
FHR 0.658 0.049 0.001 0.668 0.094 0.075
IL-6 0.596 0.049 0.052 0.652 0.078 0.052
sIL-2R 0.616 0.048 0.016 0.637 0.083 0.100

Abbreviations: AUC, area under the curve; FHR, ferritin-hemoglobin ratio; IL-6, interleukin-6; SE, standard error; sIL-2R, soluble interleukin-2 receptors.

and fig. 1. Ferritin, ferritin-hemoglobin ratio, and sIL-2R
had poor but statistically significant discriminative capa-
bilities for severe/critical condition.

Optimal cut-off values for the prediction of severe/
critical condition and lethal outcome are shown in table 3.
Only ferritin and ferritin-hemoglobin ratio had acceptable
Youden indexes for the prediction of lethal outcome.

Effect of elderly on predictive capabilities of ferritin, ferri-
tin-hemoglobin ratio, IL-6, and sIL-2R. There were 53 (39.3%)
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patients aged <65 years and 82 (60.7%) patients aged
=65 years. There was no statistically significant difference
between participants aged <65 years and participants aged
=65 years in ferritin level, ferritin-hemoglobin ratio, IL-6,
sIL-2R (table 4).

Correlation analysis between the age and laborato-
ry parameters was performed. There was no correlation
between age and ferritin level (r = 0.116, p = 0.182), fer-
ritin-hemoglobin ratio (r = 0.140, p = 0.110), IL-6 level
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Fig. 1 ROC-curves of discriminative capabilities of ferritin, ferritin-hemoglobin ratio, IL-6, and sIL-2R for severe/critical condition (A) and

lethal outcome (B).



56

Oleksii Skakun et al. Acta Medica (Hradec Kralové)

Tab. 3 Predictive capabilities of laboratory parameters for the disease severity and mortality.

Severe/critical condition Lethal outcome
Laboratory . o g . o g
parameter Optimal Sensitivity, | Specificity, | Youden Optimal Sensitivity, | Specificity, | Youden
cut-off value % % index cut-off value % % index
Ferritin 402.0 54.9 80.6 0.356 396.0 78.6 63.9 0.425
FHR 34.0 55.7 83.6 0.393 35.2 76.9 69.5 0.464
IL-6 62.5 48.6 74.6 0.232 91.0 50.0 77.7 0.277
sIL-2R 7.5 38.9 85.7 0.246 6.2 64.3 62.8 0.271
Abbreviations: FHR, ferritin-hemoglobin ratio; IL-6, interleukin-6; sIL-2R, soluble interleukin-2 receptors.
Tab. 4 Laboratory parameters in patients aged <65 years and patients aged 265 years.
Laboratory parameter Patients aged <65 years Patients aged 265 years p
Ferritin, ng/mL 285.0 (164.0-549.0) 378.5(202.5-618.5) 0.336
FHR 22.5(12.2-43.8) 29.5(15.5-46.4) 0.284
IL-6, pg/mL 29.9(11.7-68.8) 56.1(16.1-98.3) 0.190
sIL-2R, ng/mL 5.1(3.6-7.3) 5.7 (4.5-8.2) 0.100

Abbreviations: FHR, ferritin-hemoglobin ratio; IL-6, interleukin-6; sIL-2R, soluble interleukin-2 receptors.

(r = 0.154, p = 0.074). A weak but significant positive cor-
relation was seen between age and sIL-2R level at admis-
sion (r = 0.230, p = 0.007).

Severe/critical condition was established in 48 (58.5%)
patients aged >65 years and 24 (45.2%) patients aged
<65 years (p = 0.133). 11 (13.4%) patients aged >65 years and
3 (5.7%) patients aged <65 years died during in-patient stay
(p = 0.151).

Discriminative and predictive capabilities of ferritin,
ferritin-hemoglobin ratio, IL-6, and sIL-2R for severe/
critical condition and lethal outcomes in patients aged
<65 years and patients aged =65 years are shown in table
5 and fig. 2. Each laboratory parameter failed to show ac-
ceptable discriminative capability for the disease severity

and in-hospital mortality in patients aged <65 years. How-
ever, ferritin, ferritin-hemoglobin ratio, IL-6, and sIL-2R
showed weak discriminative capabilities for the disease
severity in patients aged 265 years. Ferritin-hemoglobin
ratio, IL-6, and sIL-2R had acceptable discriminative ca-
pabilities with an acceptable Youden index for in-hospital
mortality in patients aged =65 years. However, there was
no statistical significance comparing AUCs for discrimina-
tive capabilities of ferritin, ferritin-hemoglobin ratio, IL-6,
and sIL-2R in patients aged =65 years and patients aged
<65 years.

Logistic regression was performed, adjusted and un-
adjusted odds ratios were calculated (table 6). Unadjusted
odds ratio showed that ferritin, ferritin-hemoglobin ratio,

Tab. 5 Discriminative and predictive capabilities of laboratory parameters for severity and mortality in patients aged <65 years and patients

aged 265 years

<65 years old 265 years old Comparison of two AUCs
Laboratory el Youden el Youden .
parameter AUC; SE P cut-off . AUC; SE p cut-off . Difference P

value index value index

Severe/critical condition
Ferritin 0.585; 0.084 | 0.309 463.0 0.279 0.683; 0.060 | 0.002 396.0 0.405 0.098 0.342
FHR 0.589; 0.087 | 0.302 25.6 0.369 0.688; 0.059 | 0.002 35.2 0.436 0.099 0.346
IL-6 0.503; 0.082 | 0.972 50.6 0.140 0.647;0.063 | 0.019 62.5 0.268 0.144 0.164
sIL-2R 0.549; 0.082 | 0.552 8.3 0.181 0.646; 0.061 | 0.017 7.3 0.311 0.097 0.343
Lethal outcome
Ferritin 0.607;0.220 | 0.628 391.0 0.347 0.661; 0.099 | 0.105 438.0 0.470 0.054 0.823
FHR 0.612; 0.227 | 0.621 343 0.381 0.688; 0.059 | 0.002 35.2 0.436 0.076 0.746
IL-6 0.580; 0.227 | 0.724 12.7 0.407 0.695; 0.081 | 0.016 41.4 0.325 0.115 0.633
sIL-2R 0.620; 0.174 | 0.491 6.3 0.320 0.695; 0.089 | 0.029 6.6 0.361 0.075 0.701

Abbreviations: AUC, area under the curve; FHR, ferritin-hemoglobin ratio; IL-6, interleukin-6; SE, standard error; sIL-2R, soluble interleukin-2 receptors.
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Fig. 2 ROC-curves of discriminative capabilities of ferritin, ferritin-hemoglobin ratio (FHR), IL-6, and sIL-2R for severe/critical condition and
lethal outcome in patients aged <65 years and patients aged 265 years.
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Tab. 6 Odds ratio for prediction of severe/critical clinical condition and lethal outcome in patients aged <65 years and patients aged 265

years.

Laboratory <65 years old

265 years old

parameter

Unadjusted OR (95% C1) | Adjusted OR (95% C)

Unadjusted OR (95% C1) | Adjusted OR (95% Cl)

Severe/critical condition

Ferritin 1.0001(0.9995-1.0022) | 1.0052(0.9941-1.0164) | 1.0026 (1.0008-1.0045) | 1.0016 (0.9960-1.0072)
FHR 1.0094 (0.9911-1.0281) | 0.9393(0.8097-1.0897) | 1.0344 (1.0105-1.0589) | 1.0093 (0.9391-1.0849)
IL-6 0.9987 (0.9945-1.0030) | 0.9986 (0.9937-1.0035) | 1.0054 (0.9985-1.0123) | 1.0035(0.9960-1.0110)
sIL-2R 1.1595(0.9389-1.4318) | 1.1149 (0.8820-1.4094) | 1.2180(1.0216-1.4522) | 1.1293(0.9316-1.3688)

Lethal outcome

Ferritin 1.0009 (0.9983-1.0034

0.9926(0.9767-1.0087

1.0013 (0.9998-1.0029) | 1.0001 (0.9958-1.0044

( )
FHR 1.0134(0.9801-1.0478)
IL-6 0.9968 (0.9783-1.0156)

( ) )
1.1412(0.9235-1.4103) | 1.0226 (1.0020-1.0435)
0.9941(0.9717-1.1070) )

1.0079 (0.9998-1.0161

sIL-2R 0.7885 (0.4441-1.3999)

0.6136 (0.2665-1.4130)

( ( )
( 1.0150(0.9578-1.0756)
1.0083(1.0012-1.0154 ( )
( )

1.2440(1.0251-1.5098) | 1.1354(0.8638-1.4923

Abbreviations: Cl, confidence interval; FHR, ferritin-hemoglobin ratio; IL-6, interleukin-6; OR, odds ratio; SE, standard error; sIL-2R, soluble interleukin-2

receptors.

and sIL-2R in patients aged =65 years may be used for pre-
diction of severe/critical condition. Also, ferritin-hemo-
globin ratio, IL-6, and sIL-2R in patients aged =65 years
may be used for prediction of mortality according to un-
adjusted odds ratio. However, all tested biomarkers failed
to show enough predictive abilities according to adjusted
odds ratio.

DISCUSSION

Our study showed acceptable discriminative capabilities
of ferritin, ferritin-hemoglobin ratio, sIL-2R for severe/
critical condition. IL-6 failed to show sufficient discrimi-
native capabilities for severe/critical condition. However,
all these parameters had insufficient discriminative capa-
bilities for lethal outcome. Among all participants, ferritin
and ferritin-hemoglobin ratio showed sufficient predic-
tive capabilities for severe/critical condition; the optimal
cut-off criteria were 402.0 ng/mL and 34.0, respectively.
Despite the fact that multiple studies have evaluated the
discriminative and predictive capabilities of these bio-
markers, impact of age on discriminative and predictive
capabilities of COVID-19 severity and mortality has not
been assessed.

There are controversial results of multiple studies re-
garding the discriminative and predictive capabilities of
ferritin, IL-6, and sIL-2R for severe condition and mor-
tality. Cao P. et al (2020) showed a high discriminative
capability of ferritin for the severity of COVID-19 (AUC,
0.873) with an optimal cut-off value of 272.5 ng/mL (34).
Also, the study performed by Deng F. et al (2021) showed
a high discriminative capability for in-hospital mortali-
ty in COVID-19 patients treated in ICU (AUC, 0.822) (35).
However, some studies showed far lower discriminative
capability of ferritin for hospital mortality. Shakaroun D.
A. etal. (2023) reported that ferritin for predicting hospi-
tal mortality had an AUC of 0.65 with a sensitivity of 65%
and specificity of 58% at the optimal cut-off value (36).
According to the FerVid study, the AUC of ferritin levels

for adverse outcome prediction was 0.617 (21) which cor-
responds to our results. Some studies showed great vari-
ation in the discriminative capability of IL-6 for adverse
outcomes. The study performed by Aykal G. et al (2021)
showed a high AUC for IL-6 (0.864) (37). Jamoussi A. et
al (2023) reported an AUC of 0.805 for ferritin level for
mortality in COVID-19 patients managed in ICU (38). Ac-
cording to the study of Arnold D. T. et al (2021) IL-6 had an
AUC of 0.77 (0.65-0.88) for the prediction of poor progno-
sis (39). However, Jang H. J. et al (2021) reported an AUC
of 0.687 for the IL-6 level for in-hospital mortality in pa-
tients with respiratory failure, an optimal cut-off value of
191 pg/mL with a sensitivity of 50.0% and a specificity of
87.2% (29) that is similar to the results of our study. This
study showed that an AUC for the predictive capability
of sIL-2R for mortality was 0.718 (29). Such controversy
may be explained by the fact that there were differences
in studied populations and variability in the severity of
COVID-19 at biomarker measurement.

Despite the evidence that levels of ferritin (28), IL-6
(40), and sIL-2R (32) increase with age, comparison of
predictive abilities depending on the patients’ age was not
found. Our study showed the absence of discriminative ca-
pabilities of ferritin, ferritin-hemoglobin ratio, IL-6, and
sIL-2R for severe/critical condition and lethal outcome in
patients aged <65 years. Ferritin-hemoglobin ratio, IL-6,
and sIL-2R had acceptable discriminative capabilities for
severe/critical condition and lethal outcome in patients
aged =65 years. Also, ferritin showed acceptable discrimi-
native capabilities for severe/critical condition in patients
aged =65 years. However, according to adjusted odds ra-
tio, all studied biomarkers didn’t show enough predictive
abilities.

Further perspectives include the establishment of the
influence of different age categories on discriminative
and predictive capabilities of laboratory parameters on
COVID-19 severity and mortality. Also, a study of other
factors (gender, body mass index, comorbidities, etc.) on
discriminative and predictive capabilities of laboratory
parameters is a perspective.
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CONCLUSIONS

Ferritin, ferritin-hemoglobin ratio, IL-6, and sIL-2R didn't
show acceptable predictive value for severe condition and
lethal outcome in patients aged <65 years. However, ferri-
tin-hemoglobin ratio, IL-6, and sIL-2R have high predic-
tive value for lethal outcome in patients aged =65 years.
So, age may affect the predictive capabilities of these bio-
markers.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Kneip T, Borsch-Supan A, Andersen-Ranberg K. Social, health and
economic impact of the COVID-19 pandemic from a European per-
spective. Eur ] Ageing. 2022 Nov 14; 19(4): 789-92.

. WHO. WHO COVID-19 dashboard (Internet). World Health Organi-

zation. 2023. Available from: https://covid19.who.int/ (Accessed 15-
Oct-2023).

. Our World in Data. Mortality Risk of COVID-19 - Statistics and Re-

search (Internet). Our World in Data. Available from: https://our-
worldindata.org/mortality-risk-covid (Accessed 15-Oct-2023).

. Xie Y, Choi T, Al-Aly Z. Risk of Death in Patients Hospitalized for

COVID-19 vs Seasonal Influenza in Fall-Winter 2022-2023. JAMA.
2023; 329(19): 1697-9.

. Wang H, Paulson KR, Pease SA, Watson S, Comfort H, Zheng P.

COVID-19 Excess Mortality Collaborators. Estimating excess mor-
tality due to the COVID-19 pandemic: a systematic analysis of
COVID-19-related mortality, 2020-21. Lancet. 2022 Apr 16; 399
(10334): 1513-36.

. Tan LY, Komarasamy TV, Rmt Balasubramaniam V. Hyperinflamma-

tory immune response and COVID-19: a double edged sword. Front
Immunol. 2021; 12: 742941.

. Khan A, Khan WM, Ayub M, Humayun M, Haroon M. Ferritin Is a

Marker of Inflammation rather than Iron Deficiency in Overweight
and Obese People. ] Obes. 2016; 2016: 1937320.

. DePalma RG, Hayes VW, O'Leary TJ. Optimal serum ferritin level

range: iron status measure and inflammatory biomarker. Metallom-
ics. 2021 Jun 11; 13(6): mfab030.

. Kernan KF, Carcillo JA. Hyperferritinemia and inflammation. Int Im-

munol. 2017 Nov 1; 29(9): 401-9.

Zhou Z, Yang D, Li C, Wu T, Shi R. Serum ferritin and the risk of short-
term mortality in critically ill patients with chronic heart failure: a
retrospective cohort study. Front Physiol. 2023 Jul 13; 14: 1148891.
Ahmed S, Ansar Ahmed Z, Siddiqui I, Haroon Rashid N, Mansoor
M, Jafri L. Evaluation of serum ferritin for prediction of severity
and mortality in COVID-19 - A cross sectional study. Ann Med Surg
(Lond). 2021 Mar; 63: 102163.

Kurian SJ, Mathews SP, Paul A, et al. Association of serum ferritin
with severity and clinical outcome in COVID-19 patients: An obser-
vational study in a tertiary healthcare facility. Clin Epidemiol Glob
Health. 2023 May-Jun; 21: 101295.

Mourji D, Abouelfath Z, Abassor T, et al. Association between Ferritin
and COVID-19 Mortality in 1310 Moroccan Patients. Cross current in-
ternational journal of medical and Biosciences. 2022 Jul 12;4(3): 50-4.
Feld ], Tremblay D, Thibaud S, Kessler A, Naymagon L. Ferritin lev-
els in patients with COVID-19: A poor predictor of mortality and
hemophagocytic lymphohistiocytosis. Int ] Lab Hematol. 2020 Dec;
42(6): 773-9.

Chicamy YA, Safitri A, Nindrea RD. Serum Ferritin Levels for the
Prediction of Mortality among COVID-19 Patients in an Indonesia’s
National Referral Hospital. Open Access Maced ] Med Sci. 2022 May
5;10(B): 1056-61.

Raman N, Kv P, Ashta KK, Vardhan V, et al. Ferritin and Hemoglobin
as Predictors of Fatal Outcome in COVID-19: Two Sides of the Same
Coin. ] Assoc Physicians India. 2021 Aug; 69(8): 11-12.

Aygun H, Eraybar S. Can ferritin/lymphocyte percentage ratio, a new
indicator, predict the clinical course of COVID-19 cases? Bratisl Lek
Listy. 2022; 123(6): 395-400.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

59

Yurt NS, Ocak M. Ferritin/lymphocyte percentage ratio to predict
the severity and mortality of COVID-19. Malawi Med J. 2023 Oct 11;
35(3):183-9.

Tagkin O, Yilmaz A, Soylu VG, Demir U, Gatan IF. Ferritin/albumin
ratio could be a new indicator of COVID-19 disease mortality. ] Infect
Dev Ctries. 2023 Jan 31; 17(1): 37-42.

Dahan S, Segal G, Katz I, et al. Ferritin as a Marker of Severity in
COVID-19 Patients: A Fatal Correlation. Isr Med Assoc J. 2020 Aug;
22(8): 494-500.

Para O, Caruso L, Pestelli G, et al. Ferritin as prognostic marker in
COVID-19: the FerVid study. Postgrad Med. 2022 Jan; 134(1): 58-63.
Anai M, Akaike K, Iwagoe H, et al. Decrease in hemoglobin level
predicts increased risk for severe respiratory failure in COVID-19
patients with pneumonia. Respir Investig. 2021 Mar; 59(2): 187-93.
Xu 'Y, Yang H, Wang J, et al. Serum Albumin Levels are a Predictor
of COVID-19 Patient Prognosis: Evidence from a Single Cohort in
Chongging, China. Int] Gen Med. 2021 Jun 24; 14: 2785-97.
Zerbato V, Sanson G, De Luca M, et al. The Impact of Serum Albumin
Levels on COVID-19 Mortality. Infect Dis Rep. 2022 Apr 20; 14(3):
278-86.

LiY, Yang T, Wang S, et al. The value of lymphocyte count in deter-
mining the severity of COVID-19 and estimating the time for nucleic
acid test results to turn negative. Bosn ] Basic Med Sci. 2021 Apr 1;
21(2):235-41.

Ziadi A, Hachimi A, Admou B, et al. Lymphopenia in critically ill
COVID-19 patients: A predictor factor of severity and mortality. Int ]
Lab Hematol. 2021 Feb; 43(1): e38-e40.

LiuJ, Li H, Luo M, et al. Lymphopenia predicted illness severity and
recovery in patients with COVID-19: A single-center, retrospective
study. PLoS One. 2020 Nov 18; 15(1 1): €0241659.

Hadi JM, Mohammad HM, Ahmed AY, et al. Investigation of Serum
Ferritin for the Prediction of COVID-19 Severity and Mortality: A
Cross-Sectional Study. Cureus. 2022 Nov 28; 14(11): e31982.

Jang HJ, Leem AY, Chung KS, et al. Soluble IL-2R Levels Predict
in-Hospital Mortality in COVID-19 Patients with Respiratory Failure.
J Clin Med. 2021 Sep 18; 10(18): 4242.

Nikkhoo B, Mohammadi M, Hasani S, et al. Elevated interleukin
(IL)-6 as a predictor of disease severity among Covid-19 patients: a
prospective cohort study. BMC Infect Dis. 2023 May 9; 23(1): 311.
Luporini RL, Rodolpho JMA, Kubota LT, et al. IL-6 and IL-10 are as-
sociated with disease severity and higher comorbidity in adults with
COVID-19. Cytokine. 2021 Jul; 143: 155507.

Motojima S, Hirata A, Fukuda T, Makino S. High serum soluble inter-
leukin-2 receptor concentrations in elderly individuals and smokers.
Arerugi. 1993 Nov; 42(11): 1715-20.

Ministerstvo Okhorony Zdorovia Ukrainy. Derzhavnyi Ekspertnyi
Tsentr (Internet). Protokol “Nadannia medychnoi dopomohy dlia
likuvannia koronavirusnoi khvoroby (COVID-19)” (cited 17-Oct-
2023). Available from: https://www.dec.gov.ua/wp-content/up-
loads/2023/05/protokol-covid2023.pdf. Ukrainian.

Cao P, Wu'Y, Wu S, et al. Elevated serum ferritin level effectively dis-
criminates severity illness and liver injury of coronavirus disease
2019 pneumonia. Biomarkers. 2021 May; 26(3): 207-12.

DengF, Zhang L, Lyu L, et al. Increased levels of ferritin on admission
predicts intensive care unit mortality in patients with COVID-19.
Med Clin (Engl Ed). 2021 Apr 9; 156(7): 324-31.

Shakaroun DA, Lazar MH, Horowitz JC, Jennings JH. Serum Ferritin
as a Predictor of Outcomes in Hospitalized Patients with Covid-19
Pneumonia. ] Intensive Care Med. 2023 Jan; 38(1): 21-6.

Aykal G, Esen H, Seyman D, Galigkan T. Could IL-6 predict the clinical
severity of COVID-19? Turk J Biochem. 2021 Oct 1; 46(5): 499-507.
Jamoussi A, Messaoud L, Jarraya F, et al. Interleukin-6 prediction of
mortality in critically ill COVID19 patients: A prospective observa-
tional cohort study. PLoS One. 2023 Mar 1; 18(3): €0279935.
Arnold DT, Attwood M, Barratt S, et al. Predicting outcomes of
COVID-19 from admission biomarkers: a prospective UK cohort
study. Emerg Med J. 2021 Jul; 38(7): 543-8.

Wyczalkowska-Tomasik A, Czarkowska-Paczek B, Zielenkiewicz M,
Paczek L. Inflammatory Markers Change with Age, but do not Fall
Beyond Reported Normal Ranges. Arch Immunol Ther Exp (Warsz).
2016 Jun; 64(3): 249-54.



60 CASE REPORT

Atypical Manifestation of X-linked
Agammaglobulinemia - the Importance
of Genetic Testing

Adam Markocsy?, Daniela Kapustova?, Andrej Ceres?, Eva Frotikova*, Milo$ Jeserak?23*

ABSTRACT

X-linked agammaglobulinemia (XLA) was one of the first inborn errors of immunity to be described. It is caused by pathogenic variants

in the gene for Bruton tyrosine kinase (BTK), which has important functions in B cell development and maturation. Recurrent bacterial
infections in the first two years of life and hypogammaglobulinemia with absent B cells in male patients are the most common symptoms.
A four-month-old male patient underwent surgical removal of urachus persistens complicated with recurrent scar abscesses.
Hypogammaglobulinemia (IgG, IgA, and IgM), low phagocytic activity, mild neutropenia, and a normal percentage of B cells were observed
in the patient’s immune laboratory profile. Over time, he suffered recurrent respiratory infections (otitis media and rhinosinusitis) and
developed B cell depletion, but interestingly, this was with a normalisation of IgG and IgA levels along with undetectable IgM. Molecular-
-genetic testing confirmed the presence of the pathogenic variant ¢.1843C>T in the BTK gene, which is associated with a milder phenotype
of XLA.

Molecular-genetic testing uncovers the variability of clinical and laboratory features of apparently well-known inherited disorders. Patients
with mild “leaky” XLA may have normal levels of non-functional or oligoclonal immunoglobulins.
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Leaky X-linked Agammaglobulinemia

INTRODUCTION

X-linked agammaglobulinemia (XLA) is a long-known
inborn error of immunity (IEI) that was first described
by paediatrician Ogden Bruton in 1952 (1). Affected male
patients typically present with recurrent bacterial infec-
tions; hypogammaglobulinemia; rudimentary adenoidal,
tonsillar tissue; peripheral lymphoid hypoplasia; and an
absence of mature B cells in peripheral blood. Typical
identified pathogens are the encapsulated bacteria Strep-
tococcus pneumoniae, Haemophilus influenzae, and Neisseria
meningitidis, but patients also suffer from giardiasis (lam-
bliasis) and meningoencephalitis caused by echoviruses
(2). In addition, autoimmune and inflammatory complica-
tions have been reported, but only rarely (3). Clinical diag-
nostic criteria established by the European Society for Im-
munodeficiencies (ESID) are shown in Table 1 (4). XLA is
caused by pathogenic loss of function variants in the gene
for BTK, which has an essential function in B cell develop-
ment and maturation in the bone marrow. The most pro-
found defect is in development from the pre-B cell stage to
the immature B cell stage; maturation of pro-B cells and
immature B cells is also defective in this condition (5). BTK
expression is primarily restricted to hematopoietic cells -
B cells, monocytes, myeloid cells, erythrocyte precursors,
and megakaryocytes. In XLA patients, only a decrease in
B cells has been observed, suggesting that BTK may be
redundant for the maturation of other cell types (5). Im-
munoglobulin replacement and antibiotic prophylaxis is
used in XLA therapy. In selected, very severe cases, hema-
topoietic stem cell transplantation is another treatment

Tab. 1 Clinical diagnostic criteria for X-linked agammaglobulinemia.

Definitive diagnosis

Male patient with < 2% CD19* B cells and at least one
of the following:

1. Mutation in BTK gene

2. Absent BTK mRNA on northern blot analysis of neutrophils
or monocytes

3. Absent BTK protein in monocytes or platelets

4. Maternal cousins, uncles or nephews with less than 2%
CD19* B cells

Probable diagnosis
Male patient with < 2% CD19- B cells in whom:

Other causes of hypogammaglobulinemia have been excluded
and all of the following:
1. Onset of recurrent bacterial infections in the first 5 years

of life
2. Serum IgG, IgM and IgA more than 2SD below normal for age
3. Absent isohemagglutinins and /or poor response to vaccines

Possible diagnosis
Male patient with < 2% CD19" B cells in whom:

Other causes of hypogammaglobulinemia have been excluded
and at least one of the following:
1. Onset of recurrent bacterial infections in the first 5 years

of life
2. Serum IgG, IgM and IgA more than 2SD below normal for age
3. Absent isohemagglutinins and /or poor response to vaccines

Legend: SD - standard deviation.
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option (6). In rare cases, females can also develop symp-
toms due to skewed (non-random) inactivation of the non-
mutated X-chromosome in hematopoietic cells (7, 8).

More pathogenic variants associated with a milder
course of disease have been reported in the literature
(9-11); they lead to decreased BTK expression but not to
a total absence of BTK expression or the production of
a partially functional mutated protein. This condition is
referred to as leaky or mild XLA - the patients become
symptomatic with typical associated-infection complica-
tions but at an older age. Patients with leaky XLA can have
higher proportion of B cells as in typical XLA (more than
2%) and only slightly decreased to normal immunoglob-
ulin values. Patients with mild XLA can be misdiagnosed
with common variable immunodeficiency (11). There is no
definite correlation between the type of variant (missense,
nonsense, etc.) in the BTK gene and the severity of the dis-
ease (12).

CASE REPORT

At the age of four months, a male patient born after an un-
eventful first pregnancy and with normal postnatal adap-
tation underwent a surgical removal of urachus persistens
that was complicated by recurrent scar abscesses (three
times), a C-reactive protein level of 208 mg/L (reference
range: 0-5 mg/L), and poor healing. Cultures of from the
abscess fluid were repeatedly positive for Staphylococcus
aureus. Hypogammaglobulinemia, low phagocytic activ-
ity (50%, reference range: 80-100%), low phagocytic in-
dex (4, reference range: >30), and mild neutropenia were
observed in the patient’s laboratory parameters. Flow cy-
tometry showed no significant deviations; the patient’s
percentage of B cells was normal but with a significant
decrease in the proportion of switched memory B cells.
Selected laboratory parameters are shown in Table 2.
Over time, the patient suffered recurrent respiratory
infections, recurrent otitis media with positive cultiva-
tion of Streptococcus pneumoniae, and mouth ulcers. He
underwent Salmonella gastroenteritis and SARS-CoV2
infection with mild respiratory symptoms, and he was
diagnosed with allergic rhinitis caused by grass allergy.
After the solving of abscess complications, the patient’s
phagocytic activity, phagocytic index, and neutropenia
normalised. He developed B cell depletion in blood, but,
interestingly, this was accompanied by the normalisation
of IgG and IgA levels and a persisting depletion of IgM.
Flow cytometry showed an elevation of transitional B cells,
CD21"" B cells, and a normal proportion of marginal zone
cells such as B cells, switched memory B cells, naive B cells,
and double-negative T cells. Mild IgG, subclass deficiency
(3,27 g/L, reference range: 3.80-9.30 g/L) was identified
at 8 years of age, but other IgG subclasses had normal val-
ues. Diagnostic vaccination was not performed because of
parents’ refusal. The patient had a negative family history
for IEI-associated complications or monogenic disorders.
Molecular-genetic testing was performed (massive paral-
lel sequencing focusing on a panel for primary immuno-
deficiencies) because of recurrent infections and signifi-
cant B cell depletion, which confirmed the presence of the
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Tab. 2 Changes of laboratory parameters over time.
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Age 4 months 7 months | 16 months 4 years 6 years 8 years 10 years
1gG [g/1] 1.59 1.12 3.27 6.11 6.57 6.17 6.58
IgA [g/1] 0.05 0.05 0.07 0.84 0.86 1.17 1.43
IigM [g/1] 0.05 0.24 0.14 0.29 0.06 0.05 0.12
Ige [1u/1] 25.00 46.00 27.70 51.70 56.90 24.00 48.90
leukocytes [x 10/1] 6.60 11.30 7.50 7.90 6.70 5.50 4.60
neutrophils [x 10%/1] 1.20 3.90 2.20 4.20 1.30 2.80 2.90
lymphocytes [x 10%/1] 4.70 5.80 4.20 2.90 2.26 2.12 2.70
CD3T cells [%] 84.00 80.00 82.00 90.00 81.00 90.00 79.00
CD3* T cells [x 10%/1] 4.03 4.66 3.38 2.64 1.82 1.91 1.64
CD19" B cells [%] 10.00 12.00 3.00 1.00 3.00 1.00 2.00
CD19" B cells [x 10%/1] 0.25 0.72 0.11 0.022 0.064 0.021 0.041
transitional B cells [%] 27.80 32.00 32.50
switched memory B cells [%] 2.10 11.00 13.60
CD21"" B cells [%] 9.10 22.70 5.00

Legend: Values below reference range specific for age are marked with bold writing in blue color, values above reference range specific for age are marked
with bold writing in red color. Mild neutropenia: 1.0-1.5 x 10%/ of neutrophils in blood. All laboratory parameters were collected during the stable course of
disease without ongoing infection complications. We did not perform B cell phenotypic profiling until 6 years of age because of technical limitations of flow

cytometry analysis in our laboratory.

pathogenic ¢.1843C>T, p.Arg615Cys missense variant in
the BTK gene (NM_000061.3).

The identified missense variant is located in the kinase
domain of the gene that is responsible for the catalytic
activity of BTK; it is considered pathogenic according to
ACMG criteria (PS3, PM1, PM2, PM5, PP3). The variant
was evaluated twice as a variant of uncertain significance
in the ClinVar database. In silico prediction tools classi-
fy this variant either pathogenic, pathogenic support-
ing, or uncertain. The CADD score for this variant is high
with a value of 32, its population frequency is very low
(0.000000913 in gnomAD), and its conservation score is
high (10.003 in PhyloP100way). The variant has previously
been described by Kraft et al. in a 34-year-old male patient
with recurrent infections, hypogammaglobulinemia, a de-
creased percentage of B cells (2.9%), and decreased BTK
protein expression as determined by flow cytometry in
CD20" B cells and CD14* monocytes (13). Alternative vari-
ants at the same amino acid position (p.Argé15Ser, p.Arg-
615Pro) were described in XLA patients, both in a male
patient with a mild course of disease and IgG hypogamma-
globulinemia (1,8 g/L), and in another male patient with
decreased BTK expression (12, 14).

DISCUSSION

A male patient with recurrent respiratory infections, oti-
tis media, scar abscesses, and the significant depletion of

B cells was genetically diagnosed with XLA. Interestingly,
the patient did not have this B cell depletion at the age of
4 months, and IgG and IgA levels normalised over time.
A missense variant c.1843C>T in the BTK gene met the
genotype-phenotype correlation in our patient, and we
consider it causal for mild “leaky” XLA.

As we did not perform B cell phenotypic profiling at
the beginning of follow up, we cannot say which B cell de-
velopmental stage was responsible for the normal B cell
proportion, but we later saw the elevation of transitional
B cells that represent a developmental stage between im-
mature B cells in the bone marrow and mature peripheral
B cells. The BTK gene is also important in the development
of immature B cells, which could be the explanation for
this observation. The identified pathogenic variant was
not associated with a total absence of BTK expression, but
only with its decrease, so we expect that a small propor-
tion of pre-B cells has been able develop to stages capable
of immunoglobulin production. The observed proportion
of switched memory B cells is probably responsible for the
increased production of endogenous immunoglobulins
between 2 and 4 years of age. A small number of leaked
mature B cells had possibly been distributed in local lym-
phoid tissues, such as bone marrow or lymph node; the
produced immunoglobulins were non-functional or oli-
goclonal and therefore less effective than immunoglobu-
lins produced by B cells of the healthy individual. There is
an indication for immunoglobulin replacement therapy in
case of recurrent infections.
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CONCLUSIONS

Patients with leaky XLA may have normal levels of
non-functional or oligoclonal immunoglobulins, and there
is the indication for immunoglobulin replacement therapy
in case of recurrent infections. Molecular-genetic testing
uncovers the variability of clinical and laboratory features
of apparently well-known inherited disorders. We should
therefore consider molecular-genetic testing in IEI pa-
tients with atypical presentation or mild symptoms.
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VIPoma: An Unusual Cause
of Chronic Diarrhea

Sutharin Suteetorn®?, Krit Kitisin®, Natcha Wanpiyarat®*, Supaksorn Kunjan®, Thiti Snabboon?¢*

ABSTRACT

Chronic diarrhea is a significant challenge in clinical practice because of its high prevalence and various causes. Comprehensive clinical
assessment and stepwise laboratory approach are crucial for an accurate diagnosis. This report presents a case of an adult woman who
experienced chronic watery diarrhea, complicated by renal impairment and multiple electrolyte imbalances, including hypokalemia,
hypophosphatemia, and metabolic acidosis. The diagnosis of a vasoactive intestinal polypeptide-secreting tumor (VIPoma) with liver
metastases was confirmed by elevated serum levels of a vasoactive intestinal polypeptide (VIP) and imaging findings of a pancreatic mass
with multiple hepatic lesions. Preoperative management, including fluid rehydration, electrolyte correction, and somatostatin analog
therapy, significantly improved her clinical symptoms. Subsequent surgical tumor removal and radiofrequency ablation of the hepatic
lesions resulted in complete resolution of symptoms and normalized VIP levels. This case emphasizes the importance of early recognition
of this rare tumor in patients with chronic diarrhea to improve clinical outcomes.
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VIPoma; vasoactive intestinal polypeptide; WDHA syndrome; functional neuroendocrine tumor; chronic watery diarrhea
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VIPoma: An Unusual Cause of Chronic Diarrheaa

INTRODUCTION

Chronic diarrhea is defined as loose or watery stools (Bris-
tol Stool Chart types 5 to 7) that occur more than three
times a day for at least four weeks (1). Its etiologies have a
wide spectrum, including infectious diseases, inflammato-
ry bowel diseases, malabsorption disorders, irritable bow-
el syndrome, food allergies, and adverse drug reactions.
Endocrine disorders, such as thyrotoxicosis, hypoparathy-
roidism, Addison’s disease, and diabetes mellitus, as well
as functioning endocrine tumors, can also contribute to
this clinical entity. This report presents a case of an adult
female patient with chronic and severe diarrhea, subse-
quently diagnosed with a vasoactive intestinal polypep-
tide-secreting tumor (VIPoma). The diagnostic approach
and treatment of this tumor have also been discussed.

CASE REPORT

A 62-year-old Thai woman presented with a one-year
history of progressively worsening watery diarrhea. Her
medical history included well-controlled type 2 diabetes,
hypertension, and dyslipidemia diagnosed six years be-
fore. Initially, her diarrhea was treated as gastroenteritis
with oral antibiotics at a local hospital. However, she con-
tinued to experience recurrent episodes of non-bloody,
watery diarrhea exceeding 500-600 mL, with a frequency
of more than 10 times daily. These episodes were unrelated
to meals or food types and did not respond to loperamide.
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The patient reported debilitating fatigue and significant
weightloss of 12 kg. She denied fever, recent travel, laxative
abuse, or illicit drug use. Physical examination revealed
dehydration, cachexia, and proximal muscle weakness.
Her vital signs were remarkable for tachycardia (105-110
bpm) and low blood pressure (80-90/50-60 mmHg).
Laboratory tests showed renal insufficiency (creatinine
2.12 mg/dL), hyponatremia (134 mEq/L), severe hypoka-
lemia (2.2 mEq/L), hypophosphatemia (1.8 mg/dL), and
metabolic acidosis (bicarbonate 8 mEq/L). An electrocar-
diogram revealed sinus tachycardia with a prolonged QTc
interval. Multiple stool examinations were negative for
occult blood, parasites, and bacterial infections, including
Clostridium difficile. Gastrointestinal endoscopy findings
were unremarkable. Supportive treatment with intra-
vascular fluids, parenteral nutrition, sodium bicarbon-
ate, and potassium replacement was promptly initiated.
The diagnosis of VIPoma was confirmed by significantly
elevated serum vasoactive intestinal peptide (VIP) levels
of 328 pg/mL (reference range: <75 pg/mL) and plasma
chromogranin A (CgA) levels of 161.76 ng/mL (reference
range: 27-94 ng/mL). Other laboratory findings included
urine 5-HIAA levels of 4.48 mg/24 hours (reference range:
2-8 mg/24 hours) and serum gastrin levels of 32 pg/mL
(reference range: 13-115 pg/mL). Computed tomography
(CT) revealed a large, well-circumscribed, lobulated, het-
erogeneously enhancing mass in the body and tail of the
pancreas. Additionally, multiple well-defined enhancing
lesions were identified in the liver, highly suggestive of
hepatic metastasis (Figure 1). A short-acting somatostatin

Fig. 1 Abdominal CT revealed a well-defined lobulated
heterogeneously arterial enhancing mass with internal calcification,
measuring 2.9 x 3.0 x 4.5 cm, involving the body and tail of the
pancreas. () Multiple well-defined arterial-enhancing hepatic
lesions, measuring up to 1.3 x 1.5 cm, were identified. ()



Fig. 2 Histopathology revealed epithelioid-shaped cells with uniform nuclei (
) Immunohistochemically, the tumor cells showed diffuse reactivity with synaptophysin and AE1/AE3 (cytoplasmic

background. (
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Trabecular
pattern

), arranged in a trabecular pattern in a hyalinized

staining), while only a small portion of tumor cells exhibited reactivity with chromogranin A. The Ki-67 index was 5%.

analog (SSA), octreotide, was initiated at a dose of 50 mg
subcutaneously every 12 hours and increased to 250 mg
every 6 hours as symptoms improved. Distal pancreatec-
tomy, splenectomy, cholecystectomy, and wedge liver
resection with intraoperative radiofrequency ablation
were performed with successful outcomes. Pathological
examination revealed a well-differentiated grade 2 neu-
roendocrine tumor according to the European Neuroen-
docrine Tumor Society (ENETS) criteria. Immunohis-
tochemical staining demonstrated diffuse positivity for
synaptophysin and AE1/AE3 and focal positivity for CgA

(Figure 2). Lymphovascular and perineural invasions were
identified. The mitotic rate was low (1 per 2 mm?) and the
Ki-67 proliferation index was 5%. Based on the American
Joint Committee on Cancer (AJCC) Eighth Edition criteria,
the tumor was classified as stage IV (T4, N1, M1). Postoper-
atively, the patient achieved clinical recovery and did not
require further SSA therapy. Throughout the 12-month fol-
low-up period, functional imaging and serological studies
showed no evidence of disease recurrence. Genetic testing
for multiple endocrine neoplasia type 1 (MEN1) syndrome
was negative.
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DISCUSSION

This report describes a case of VIPoma, a rare etiology
of chronic diarrhea. Despite our patient having distinct
symptoms of this tumor, there was a delay in diagnosis,
resulting in an advanced stage at presentation and an in-
creased risk of life-threatening complications.

Chronic diarrhea can be categorized into four main
types: watery, malabsorptive, inflammatory, and func-
tional (1). Watery diarrhea can be further classified into
osmotic or secretory types through fasting trials. The diag-
nostic process involves a detailed history, a thorough phys-
ical examination, and appropriate investigations. It is also
important to review medication history and screen for ir-
ritable bowel syndrome. Based on the stool characteristics
and persistent symptoms during fasting in our patient,
a secretory diarrhea subtype was suspected despite the
unavailability of stool osmotic gap testing at our facility.
Following a comprehensive workup to exclude common
etiologies, including stool examinations, gastrointestinal
endoscopy, and evaluation for prevalent endocrine dis-
orders, we investigated less frequent hormone-secreting
neuroendocrine tumors, such as carcinoid, gastrinoma,
and VIPoma.

VIPoma is an extremely rare functional neuroendo-
crine neoplasm, accounting for less than 5% of all pan-
creatic neuroendocrine tumors, with an estimated annual
incidence of 1 per 10 million individuals (2). The tumor is
described in various terms, including pancreatic cholera,
WDHA (watery diarrhea, hypokalemia, achlorhydria), and
Verner-Morrison syndrome. Most affected individuals are
adults between the ages of 30 and 50, with a slight female
predominance (3). About 90% of these tumors are in the
body and tail of the pancreas, while the remaining orig-
inate in extra-pancreatic tissues such as the adrenal me-
dulla or sympathetic ganglia, particularly in pediatric pa-
tients (4). These tumors usually present as solitary lesions,
often larger than 3 cm in size, and approximately 80%
have metastasized at the time of diagnosis, primarily to
the liver (5). Most cases of VIPoma occur sporadically, with
about 5% of cases associated with MEN1 syndrome (6).

VIP, a neuropeptide, has significant effects on vari-
ous physiological processes, including the regulation of
pancreatic enzyme and gastric acid secretion, vasodila-
tion, and intestinal motility. These effects are mediated
through the activation of cyclic adenosine monophosphate
(cAMP) and adenylate cyclase. Patients with VIPoma typ-
ically experience chronic and profuse secretory diarrhea,
with stool volume exceeding 3 liters per day. Notably, the
stool is odorless, tea-colored, and free of blood or mucus.
VIP-mediated potassium secretion from intestinal cells
leads to hypokalemia, while concurrent bicarbonate wast-
ing contributes to metabolic acidosis. Its inhibitory effect
on gastric parietal cells resulting in hypo- or achlorhydria
leads to malabsorption. Co-secretion with other islet cell
peptides, such as gastrin and pancreatic polypeptide, is
observed in approximately 30-50% of cases (7). Severe de-
hydration can lead to renal failure and hypercalcemia. In
patients with MEN1 syndrome, hypercalcemia may be at-
tributed to concurrent hyperparathyroidism. Additionally,
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VIP has a glycogenolytic effect on the liver, contributing to
hyperglycemia in up to 50% of cases. Other less common
symptoms, including flushing, bloating, nausea, vomiting,
and weight loss, have been described (8).

The diagnosis of VIPoma is based on elevated serum
VIP levels, with levels above 75 pg/mL considered indica-
tive and values exceeding 200 pg/mL strongly suggestive
(9). However, these levels can fluctuate between episodes
of diarrhea. Due to the rarity of the tumor, nonspecific
symptoms, and limited availability of diagnostic tools, the
definitive diagnosis often takes over a year from symptom
onset, as observed in our patient. Both CT and magnetic
resonance imaging (MRI) have sensitivities of 75-100% in
identifying tumors. While transabdominal ultrasonogra-
phy (USG) has a lower sensitivity of 60%, it can serve as an
initial imaging modality to guide further diagnostic inves-
tigations (10). Additionally, endoscopic ultrasound (EUS)
provides higher-resolution images and enables fine-needle
aspiration of tumors. Functional imaging techniques, such
as somatostatin receptor scintigraphy or Ga-68 DOTATATE
Positron Emission Tomography-Computed Tomography
(PET-CT), have emerged as valuable methods for detect-
ing metastatic lesions because of their high expression of
somatostatin receptors.

Surgical resection is the main treatment for both pri-
mary and metastatic lesions, effectively improving symp-
toms and extending disease-free intervals. Preoperative
care is crucial to ensure adequate hydration, appropriate
blood glucose control, phosphate replacement, and correc-
tion of electrolyte abnormalities. SSA is the cornerstone
of medical therapy, effectively controlling diarrhea up
to 65% (10). This medication can decrease VIP levels and
potentially stabilize tumor growth. In cases of resistance
or tachyphylaxis to SSA, glucocorticoids, loperamide, and
opiates may be added (11). Other interventions, such as
systemic chemotherapy, interferon, radiofrequency ab-
lation, and embolization, have yielded varying successes
in treating unresectable or metastatic lesions. Molecular
targeted drugs, such as sunitinib and everolimus, as well
as peptide receptor radionuclide therapy (PRRT) using
177Lu-DOTATATE, have emerged as promising options
(12). The prognosis is excellent for patients who under-
go successful surgical removal of benign tumors without
distant metastases, with 5-year survival rates reported ex-
ceeding 90%. Conversely, patients with distant metastases
have a significantly lower estimated 5-year survival rate of
around 60% (13).

CONCLUSION

This case report describes a rare tumor, VIPoma, which
presents a significant clinical challenge in terms of diag-
nosis and management. Clinicians should consider this tu-
mor in patients with chronic diarrhea that remains undi-
agnosed. Preoperative treatment with SSA administration
followed by definitive surgical removal plays a crucial role
in achieving successful outcomes. Furthermore, multidis-
ciplinary management may improve the prognosis, even
in advanced-stage patients.
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CASE REPORT

Delayed-Onset Muscle Soreness
of the Psoas Major Muscle Following
Abdominal Training: Case Report
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ABSTRACT

Edema of the psoas major muscle can indicate various pathologies, such as infection, malignancy, and trauma, but it can also result from
benign causes like delayed-onset muscle soreness (DOMS). This article presents the case of a 44-year-old female patient who developed
DOMS in the psoas major after participating in an intense abdominal workout. The patient reported hip pain that began a day after the
workout, which was confirmed by magnetic resonance imaging (MRI) revealing significant edema in the psoas major muscles, particularly
on the right side. Conservative treatment with rest and analgesics led to full recovery within two weeks. DOMS, typically associated with
eccentric exercises, can be mistaken for more serious conditions, but its recognition is crucial to avoid unnecessary investigations and
interventions. This case highlights the importance of clinical history and imaging findings in distinguishing DOMS from other causes of
muscle edema, emphasizing the need for accurate diagnosis to ensure appropriate management.
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magnetic resonance imaging; psoas muscles; delayed-onset muscle soreness
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INTRODUCTION

The psoas major is a muscle attached to the T12-L4 verte-
bral bodies and the L1-L5 transverse processes at its or-
igin. Its primary function is hip flexion, but it also con-
tributes to lateral flexion of the spine (1). Edema of the
psoas muscle is a non-specific finding that, while not
commonly observed, can indicate a variety of conditions.
One of the primary causes of psoitis is infection, which
can occur either directly due to pathogens like Staphylo-
coccus aureus or other Gram-negative bacteria, often fol-
lowing injections or injuries, especially in immunocom-
promised patients. Psoitis can also arise secondarily from
the spread of infections from other organs, such as kidney
abscesses, gastrointestinal inflammatory diseases, osteo-
myelitis, and other conditions (2). Trauma or injury can
also cause isolated swelling or inflammation of the pso-
as muscles. In elderly individuals, spontaneous tendon
tears can occur even without prior injury, leading to high
signal intensity in the iliopsoas muscle near the injury
site (3).

Edema in the psoas muscle can also result from ma-
lignancy, whether from a primary tumor or metastasis.
However, one of the rarer causes of such edema is focal
myositis, a benign inflammatory condition of unknown
origin. Focal myositis can be mistaken for sarcomas, deep
vein thrombosis, or infectious processes but is distin-
guished by its spontaneous improvement and responsive-
ness to non-steroidal anti-inflammatory drugs (NSAIDs).
Although generally benign, focal myositis may recur.
Given its generally good prognosis, it is important to dif-
ferentiate it from infections or thrombosis. Less common
causes of psoas muscle edema include paralysis atrophy,
rhabdomyolysis, retroperitoneal fibrosis, or the presence
of a foreign body (2).

The following is a rare case of psoas major delayed-on-
set muscle soreness (DOMS) due to bilateral stretching of
the psoas muscles in a 44-year-old female patient.

Laura Gabriela Silva et al. Acta Medica (Hradec Kralové)

CASE REPORT

A 44-year-old woman presented with hip pain persisting
for two days. She reported that the pain began the day
after participating in a 40-minute abdominal workout,
which she had also attended two days prior. She denied
any history of surgery, trauma, or numbness in her lower
limbs. She weighs 70 kg and is 163 cm tall. She has worked
as a bridal store manager for 25 years, where she spends
all day wearing high heels and frequently climbs up and
down stairs. Although she engaged in weight training, she
was not accustomed to abdominal training like the ones
she had recently attended.

During the physical examination, she exhibited normal
mobility in her lower limbs but experienced pain when
flexing and rotating her right hip, with preserved strength.
Positive findings were noted on iliopsoas, Stinchfield, and
Ludloff tests due to pain. The magnetic resonance imag-
ing (MRI) was performed two days after the pain started
and revealed significant edema in the psoas major muscle
bilaterally, more pronounced on the right side, consistent
with DOMS of the psoas major muscles (Figure 1).

The patient rested and received analgesic treatment
with dipyrone and physiotherapy, resulting in resolution
of pain within two weeks. She subsequently resumed her
usual weight training routine.

DISCUSSION

DOMS is a condition marked by the appearance of muscle
pain 1 to 2 days after performing an unfamiliar exercise.
It is commonly linked to exercises that involve eccentric
(lengthening) muscle contractions, as demonstrated in the
report (4). Pain related to DOMS usually peaks between
24 and 72 hours after physical activity and then gradually
subsides. This clinical pattern differs from muscle strains,
where pain occurs immediately, and this distinction is
crucial for accurate diagnosis (5).

Fig. 1 T2 FAT SAT MRI in axial section (A) and coronal section (B) shows significant edema in the psoas major muscle bilaterally (white
arrows), more pronounced on the right side, consistent with delayed-onset muscle soreness of the psoas major muscles.



DOMS of the Psoas Major Muscle

This condition may involve temporary muscle damage
visible at a microscopic level, along with elevated plasma
levels of creatine kinase (CK) and, in severe instances,
myoglobin in the urine. On a CT scan, a decrease in mus-
cle attenuation and an increase in muscle volume may be
observed. Ultrasound imaging can reveal edema as an in-
crease in muscle echogenicity. On MRI, T2-weighted imag-
ing using chemically selective fat suppression and STIR se-
quences, the affected muscles exhibit high signal intensity,
with the amount of muscle edema on MRI correlating with
the serum CK level. There is also some correlation between
the intensity of pain (experienced during passive muscle
extension) and the volume of muscle edema observed on
MRI.(4) The greater intensity involvement of the right
psoas major muscle in the patient reported is related to
the process of motor development not trained for ambi-
dexterity for motor coordination, there is, in the process
of fatigue (strenuous physical activity), an overload on the
dominant side, which in the case of the patient described,
who was right-handed, the largest edema visible on MRI
was in the right psoas major muscle.

DOMS does not involve any visible fiber disruption
or tears. However, in some instances, may cause diffuse
edema in the affected muscle belly, which does not show
the characteristic “feathery” pattern seen in strains and
lacks perifascial fluid (5). If the exercise that caused the
soreness targeted a specific set of muscles, the imaging
findings will be confined to those areas, as in the case
reported in which several types of abdominal exercises
overload the psoas major muscles. In contrast, if multiple
muscle groups were involved, the pattern may be more
widespread (4). Symptoms typically resolve, and muscle
function is restored within 10 to 12 days, while abnormal
signal intensity on fluid-sensitive MRI images can persist
for up to 80 days (5).

Differential diagnosis is complex; pain caused by psoas
major DOMS can be mistaken for various other diseases,
including other musculoskeletal pathologies or visceral
causes such as ureteral stones, salpingitis, hip arthritis,
femoral bursitis, colon diverticulitis, and colon cancer (1).

Regarding treatment, the conservative approach is
commonly utilized. Non-pharmacological treatments in-
clude specific activity modification and physiotherapy. Ad-
ditionally, NSAISs are used for pharmacological purposes.
Most patients respond well to conservative treatment and
achieve full recovery (6).
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CONCLUSION

While edema in the psoas major muscle is commonly as-
sociated with various pathological conditions such as in-
fection, malignancy, and trauma, it can also occur due to
more benign causes like DOMS. The case presented here
highlights the importance of considering DOMS in the dif-
ferential diagnosis of psoas muscle edema, particularly in
individuals who engage in unfamiliar or intense physical
activities. The patient’s symptoms and imaging findings
were consistent with DOMS, and she responded well to
conservative treatment with rest and analgesics, with full
recovery within two weeks.

This case underscores the need for clinicians to be
aware of the distinct clinical and imaging features of
DOMS to avoid unnecessary investigations and interven-
tions. Recognizing the self-limiting nature of DOMS and
differentiating it from other more serious conditions can
prevent misdiagnosis and ensure appropriate manage-
ment. Furthermore, this case illustrates the relevance of
patient history, particularly recent physical activity, in
guiding the diagnostic process, and also the importance
of adequate monitoring by professionals during physical
activity to guide the practitioner and avoid injuries.

Future studies could explore the mechanisms under-
lying DOMS in muscles like the psoas major, which are not
typically emphasized in the context of this condition and
investigate optimal management strategies for patients
experiencing significant discomfort.
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