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Abstract: Rare diseases (RDs) pose a significant set of problems for patients,
since their disease and general social and health situation are often not recognized by
the medical community and shunned by health insurance. The sheer number of RDs
(5000-8000) and the number of patients (6-8% of the population) are challenging for
every society. We wanted to get a better understanding of the rare diseases affecting the
kidneys and urinary tract (RDAKUT) in the Republic of Macedonia and we investigated
principally the PubMed Central articles of Macedonian medical professionals dealing
with RDAKUT, but we also used information on RDAKUT from local sources. A
significant number of RDs have been published, demonstrating the awareness and skill
of Macedonian medical professionals despite pretty limited diagnostic facilities. We still
feel that RDAKUT are under-diagnosed (e.g. Fabry’s disease has not yet been reported),
and that many patients with RDs have a long way to go before an accurate diagnosis.
Increased awareness and ameliorated education are needed by the physicians; while
health insurance must include RDAKUT covering their diagnosis and treatment costs.
Neonatal screening for ~30 diseases (instead of just hypothyroidism) is also required.
Patients’ organizations exist and they are active in promoting their interests before of
the health authorities.
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Introduction

A rare disease (RD) is one which affects less than one citizen in 2000
(Europe), and less than one in 1250 (USA). The general estimation is that there
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are 6000-8000 RDs, and their number is growing [1]. About two thirds of RDs
affect children, and a third of them die before their fifth birthday. RDs weigh
heavily on the health systems of every country: there are at least 3 million
patients with RDs in the UK, 4 million in Germany, and as many as 30 million
EU citizens [1]. Thus the patients, their families, health insurers and societies as
a whole are impacted with a set of great organisational, financial, diagnostic and
treatment challenges.

What is the situation with RDs in the Republic of Macedonia, particu-
larly those affecting kidneys and the urinary tract (RDAKUT)? First, no official
registries exist at the national level. Therefore the full picture and the consequ-
ences for our society are not known. We looked through the PubMed central
and other local data sources in order to get some insight into the RDAKUT in
Macedonia.

Methods

Since Macedonia is a small country (2 million inhabitants) the whole
scientific and clinical work with patients suffering from RDAKUT is concen-
trated at the University Clinics and Institutes at the Medical School, Skopje.
The research strategy targeted clinicians and scientists working at the University
Children’s Hospital, Skopje, the Nephrology Clinic, the Urology Clinic, the
Department of Radiology, the Department of Nuclear Medicine, the Institute of
Pathology, the Institute of Immunology and the Research Centre for Genetic
Engeneering and Biotechnology at the Macedonian Academy of Sciences and
Arts. Firstly, a search through the PubMed central was performed using the
term Macedonia/Macedonian in combination with one or more of the following
terms such as: rare diseases, kidney, renal, genetic, glomerulonephritis, nephro-
tic, proteiuria, hypertension, nephrolithiasis, urolithiasis, haematuria, cystic,
polycystic, dysplasia/dysplastic, congenital anomalies, urinary tract, acidosis,
glucosuria, tubular, chronic kidney diseases, chronic renal failure. Over 150 cli-
nicians and scientists from the above-mentioned Institutions were checked to
see if they had a publication cited in PubMed. The other source was the Bulletin
of the Medical Faculty Skopje, containing abstracts from Conferences and Con-
gresses. For details authors were contacted and requested to supply appropriate
information.

Results

Under the term Macedonia and Macedonian we found 1347 and 229
citations respectively in PubMed. We narrowed the numbers for analysis, adding
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a key word: haematuria, n = 8; proteinuria n = 25; kidney n = 121; renal n = 135,
hypertension 48, chronic renal failure 57; chronic kidney diseases 71, glome-
rulonephritis n = —32; nephrotic n = 16; nephrolithiasis n = 5; urolithiasis n = 4;
cystic n = 25; polycystic n = 5; dysplasia n = 4; dysplastic n = 1; congenital
anomalies n = 25; urinary tract n = 45; acidosis n = 4; glucosuria n = 1; tubular
n = 11. All these publications were reviewed further in order to identify rare di-
sorders and to characterize them as: a) primary renal disorder b) systemic or
metabolic disorder with secondary affection of the kidneys c) syndromatic di-
sorder with renal component. Also the ethnicity of the patients was analysed,
and included only those who were born or lived in Macedonia. RDAKUT affec-
ting Macedonians are reported in Table 1 [2-39]. It is evident that the majority
of published RDAKUT are genetic in nature, primarily tubulopathies, and
reported from a pediatric institution as single case reports (Barter syndrome,
FHHNC, Lesch Nyhan syndrome, renal coloboma syndrome [2, 5, 14, 20] or
within collaborative multicentric studies (Dent disease, Lowe syndrome, renal
tubular acidosis, renal glucosuria, etc [6, 9, 10, 11, 13, 17]. On the other hand
the reports from adult nephrologists mainly deal with glomerulonephritis, syste-
mic vasculitis and amyloidosis [31, 32, 34, 35, 37, 39-42]. Although Balkan
nephropathy is endemic in areas outside Macedonia, there are several reports in
which Macedonian nephrologists make a significant contribution due to their
accumulated experience in diagnosis and management of this rare/endemic di-
sease [25-30]. Some of the reports deal with a combination of two rare diseases,
as in the case of renal tubular acidosis and hereditary renal hypouricaemia,
nephrotic syndrome and thyroid disease, etc. [43—45]. It is interesting that rare
diseases with autosomal recessive inheritance such as cystinuria, FHHNC and
ARPKD have been observed in two generations. We could not identify any pa-
tient with cystinosis, Fabry disease or nephronophtisis. Macedonian physicians
also reported metabolic diseases which certainly affect kidneys such as primary
hyperoxaluria, which was diagnosed for the first time in a graft biopsy with the
presence of calcium oxalate crystals and subsequently confirmed with mutatio-
nal analysis of the AGXT gene [15]. Secondary Fanconi syndrome was eviden-
ced in patients with galactosaemia and thyrosinemia and nephrolithiasis in a
patient with glucose galactose malabsorption [23]. Adult nephrologists reported
cases of familial nephrotic syndrome. In contrast, paediatric nephrologists routi-
nely checked all children with corticoresistant nephrotic syndrome for muta-
tions in the NPHS2 and WT1 gene, but up to now only one heterozygous carrier
of NPHS2 mutation has been detected (unpublished data). A patient with conge-
nital nephrotic syndrome was diagnosed clinically as having Denys Drash syn-
drome and a novel mutation in the WT1 gene detected (unpublished data). Con-
cerning the age of diagnosis of RDAKUT we could not obtain accurate data;
although a few patients were diagnosed in the neonatal period due to the seve-
rity of clinical and renal manifestation, as in the case of distal renal tubular
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acidosis. On the other hand there were patients whose diagnosis was established
late in adulthood or post-transplant due to a mild and atypical clinical course
(primary hyperoxaluria), lack of diagnostic facilities (electronomicroscopy for
Alport disease, or simple nitroprusside test for cystinuria).

Discussion

Rare disease with kidney affection pose significant problems to health
care providers. In the majority of cases multiple systems and organs are affected
requiring specialized care by different medical specialists [46]. Ultimately,
many of these diseases terminate in uraemia. Such for example is a Bardet Biedl
syndrome, a multisystem disorder characterized with obesity, polidactyly,
mental retardation, retinal dysplasia, hypogonadism, congenital heart defect and
renal affection. Multidisciplinary treatment includes surgery for heart defect and
polydactyly, and regular neurological, endocrinological, ophtalmological and
developmental check-ups with special rehabilitation. Nowadays renal affection
is recognised as a major component of the disease, and in many cases these
patients approach terminal renal failure most often due to renal dysplasia [47]. It
is a similar situation with VACTERL association in which a good quality of life
may be achieved with multiple surgeries [48]. We have seen such a patient who
was born with a tracheoesophageal fistula, anal atresia, ventricular septal defect
and a multicystic kidney. The baby underwent successful emergency surgery in
the neonatal period, the ventricular septal defect closed spontaneously and the
same happened with muylticystic kidney (spontaneous resolution of the cysts).
The family agreed to participate in the project for the detection of candidate
genes for CAKUT and pathogenic mutation was found in the HNF1B gene [18].
Although this is primarily a scientific project there are two obvious benefits for
the family, the index case will have regular check-ups for early detection of
diabetes (in this case a high risk of the development of MODY 5 diabetes) and
implementation of preventive measures. The second benefit is that this family
will have the chance of proper genetic counselling and screening will be offered
to other family members. The index patient will have chance of accurate
prenatal diagnosis. In his review of genetic renal diseases in The Lancet
Hildebrandt has recently summarized the advances of molecular techniques
which enable the establishment of molecular diagnosis for many diseases, even
in individual patients [49]. Therefore many researchers and clinicians use the
term ‘personalized medicine’ [49, 50]. This opens many ethical dilemmas
particularly in those patients in whose genome variants of unknown significance
are detected.

These newly discovered genes, proteins, and pathways can represent
powerful new drug targets. Therefore it is of ultimate need to understand the
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pathophysiology of many rare diseases. In that respect it is crucial to intensify
clinical, genetic, and pathophysiological research on rare diseases but also to
increase the awareness of the community and health authorities of the problem
of rare diseases on the local and national as well international levels [51-54].
One should expect that with advances in research, sequencing of the human
genome, and development of high-throughput genomic and post-genomic tools,
mechanisms of many rare genetic disorders affecting the kidneys will be clarified
in the coming years. There is great promise that innovative biotechnological
research including monoclonal antibodies, enzyme replacement therapy, cell and
gene therapy, as well as classical therapeutic research based on the search for active
chemical compounds will significantly improve the treatment of patients with
RDAKUT [51, 53]. We have diagnosed two rare genetic diseases (hereditary renal
hypouricaemia and renal glucosuria) and confirmed the diagnosis with mutational
analysis of the respective genes. Both the diseases are the result of defective tran-
sporters for glucose and urate on the luminal membrane of the tubular cell. Better
knowledge of these transporters, their structure and function can lead to the dis-
covery of new drugs with the potential to inhibit these transporters and result in
uricosuric and glucosuric effect and, finally, will widen our armamentarium for the
treatment of gouty hyperuricaemia and diabetes mellitus.

What is the situation with RDAKUT in Macedonia? It seems that Ma-
cedonian nephrologists and paediatricians have limited experience in the diag-
nosing and treatment of the “most popular” rare disease described in textbooks.
For example, two children with Lowe syndrome were diagnosed very late (at
the age of 1.5 and 12 years) [12]. Is this the result of lack of knowledge or of
proper screening tests? The hallmark of Lowe syndrome is congenital cataracts
and if screening was available in the neonatal period these patients would not
escape the proper diagnosis. In contrast, we have implemented screening for
tubular proteinuria in children referred to the paediatric nephrology clinic by
using the relatively old method SDS-PAG electrophoresis of urinary proteins
and have diagnosed many tubular disorders, among them three patients with
Dent-2 diseases [a total of 28 patients according to Bokenkamp et al. [9]].

What about metabolic diseases with kidney affection? Without compre-
hensive and good metabolic screening there is no prevention of renal lesion
which may eventually lead to renal failure. There is no neonatal screening for
primary hyperoxaluria, but paediatric and adult nephrologists should measure
oxalate in all patients with recurrent or bilateral nephrolithiasis. Spasovski et al.
reported a 50-year-old female patient who was diagnosed with primary hype-
roxaluria type 1 due to early graft failure [15]. Interestingly, this patient had
only one episode of passage of calculus and did not alert the clinicians to the
possibility of such a disastrous metabolic disease. Although the compound hete-
rozygous mutations found in this patient have already been reported and mani-
fested with early and severe disease, the influence of other genetic and environ-
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mental factors on the relatively mild pretransplant disease course in our patient
cannot be excluded.

As we have mentioned in the "results", there were no reports on cysti-
nosis, nephronophtisis and Fabry disease. It seems that cystinosis is an extre-
mely rare diseases in Macedonia; and in the florid form could not escape diag-
nosis at the late stage with development of multiorgan dysfunction, particularly
typical ocular changes and Fanconi syndrome. Nephronophitis could be overlo-
oked, particularly if a biopsy was not performed. We believe that Fabry disease
is underdiagnosed in R. Macedonia due to lack of knowledge and familiarity
with this disease. It is of utmost interest to search for this disease in chronic
renal failure patients using a specially designed questionnaire. Slovenia is also a
small country, but the first patient with Fabry disease was diagnosed in 1991
and since then many cases of that disease have been diagnosed, familial scre-
ening implemented and enzyme replacement treatment commenced [55, 56].

In conclusion, this is the first work aimed at identifying clinicians and
researchers from Macedonia working with RDAKUT. Although this study fa-
ced problems in collecting information on this topic, we believe that establis-
hing a national network on rare diseases and particularly a registry on RDA-
KUT will give a great input to early and accurate diagnosis of these diseases
and enable access to the best treatment modalities for these patients.

Table 1

Rare disease with renal involvement in the Republic of Macedonia

Rare Disease (number |Characterisation of|Renal affection Diagnosis Reported

of patients) the disease confirmed

Antenatal Barter Primary renal Tubulopathy, Biochemistry, |PubMed (2)

Syndrome (3) nephrocalcinosis DNA study

FHHNC (4) Primary renal Tubulopathy, Biochemistry, |PubMed

nephrocalcinosis DNA study (3,4,5)

Distal renal Tubular |Primary renal Tubulopathy, Biochemistry, |PubMed (6,

acidosis (12) nephrocalcinosis DNA study 7)

Cystinuria (15) Primary renal Nephrolithiasis Biochemistry, |PubMed (8)
DNA study

Dent-2 disease (3) Primary renal Proximal tubulopathy (Biochemistry, |PubMed
DNA study 9, 10, 11,

12)

Lowe syndrome (2) |Systemic disease |Proximal tubulopathy [Biochemistry, [PubMed
DNA study (12, 13)

Hereditary renal Primary renal Kidney stones Biochemistry, |Abstract

hypouricemia (9) DNA study

Lesch-Nyhan disease |Metabolic Stones, Urate Biochemistry, |PubMed (14)

(1) nephropathy DNA study
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Primary Hyperoxa-  |Metabolic Stones, Biochemistry, |PubMed (15,

luria type 1 (5) nephrocalcinosis DNA study 16)

Renal glucosuria (6) |Primary renal Glucosuria Biochemistry, |PubMed (17)

DNA study

ARPKD (7) Renal/Liver Nephromegaly, cysts, [Biochemistry, |Abstract
CRF DNA study

Renal cysts/Diabetes |Systemic Renal dysplasia, DNA study PubMed (18)

syndrome (2) VUR

BOR syndrome (1)  [Syndromatic VUR, dysplasia DNA study PubMed (18)

Bardet Biedl Syndromatic Renal dysplasia, CRF |DNA study abstract

syndrome (3)

Town-Brocks Syndromatic VUR, duplex system [DNA study unreported

syndrome (1)

Alport syndrome (9) |Syndromatic Haematuria, DNA study PubMed (19)
proteinuria, CRF

Thin membrane Primary Renal Haematuria DNA study unreported

disease (4)

Renal Coloboma Syndromatic Multicystic kidneys [DNA study PubMed (20)

syndrome (1)

VACTERL (6) Syndromatic Multicystic kidneys, |Imaging studies |abstract
VUR

Pradder Willy Syndromatic VUR, reflux FISH unreported

Syndrome (1) nephropathy

Pseudoxanthoma Multisystem Hypertension DNA study PubMed (21)

elasticum (5)

Thyrosinemia (2) Metabolic Renal Fanconi Biochemical unreported
syndrome

Galactosemia (2) Metabolic Renal Fanconi Biochemical, |unreported
syndrome DNA study

Alstrom syndrome (2) |Syndromatic Renal dysplasia Biochemical, |PubMed (22)

DNA study

Glucose galactose Metabolic Nephrolithiasis Biochemical, |PubMed (23)

malabsorption (2) DNA study

Idiopathic infantile ~ |Metabolic Nephrocalcinosis Biochemical Abstract

hypercalcemia (3)

Sarcoidosis (1) Systemic Nephrocalcinosis Biochemical Abstract

Pheochromocytoma |Neoplastic Renal artery stenosis |Biochemical, |[PubMed (24)

[€)) imaging

Balkan nephropathy |Primary renal Tubulopathy, CRF  |Biopsy PubMed

(NA) (25-30)

Corticoresistant nep- |Primary renal Nephrotic syndrome, |Biopsy PubMed

hrotic syndrome (14) CRF (31, 32)

Denys Drash Syndromatic Nephrotic syndrome, |[DNA study unreported

syndrome (1) CRF

Burkitt lymphoma (1) [Neoplastic Billateral cystic Tumour biopsy |PubMed (33)

kidneys
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Lipoprotein Primary renal Proteinuria, CRF Biopsy PubMed (34)
glomerulopathy (2)

Essential monoclonal |Neoplastic Glomerulonephritis  |Biopsy PubMed (35)
cryoglobulinaemia (1)

Kawasaki Disease Systemic Sterile pyuria/TIN Clinical PubMed (36)
(@)

Takayasu arteritis Vasculitis Renovascular Imaging PubMed (37)
(1) hypertension

Donohue syndrome  |Syndrtomatic Nephrocalcinosis DNA study PubMed (38)
@

Primary amyloidosis |Systemic Nephrotic syndrome |Biopsy PubMed (39)
(@)

WAGR syndrome Syndromatic Wilms TU, renal FISH PubMed

(1) cysts (accepted) (40)
Wegener Systemic Glomerulonephritis  |Biopsy PubMed
granulomatosis (2) (41, 42)
Good pasture Pulmorenal Crescentic nephritis, |Biopsy unreported
syndrome (3) CRF

CRF - chronic renal failure, TIN — tubulointerstitial nephritis, NA — data not available
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Pesume

PETKU BOJIECTU CO 3ACETAIBE HA BYBPE3UTE
N YPUHAPHUOT TPAKT BO PEITYBIMKA MAKEJOHMNJA

Tacuk B.!, Jozanosckn B.J.%, Mannnosckn /1., Tacan H.!,
Ion-Jopnanosa H.', Ionenakoenk M., T'yger 3.C.!

! Meouuyuncku ¢axyaitieiti, Croiije, P. Maxedonuja
2 Ynueep3auilieilicka KAUHUKA 34 OTLUIA, 6UCUEPANHA U THPAHCIAAHITAUUOHA
xupypzuja, Ynusepauiteiti Xajoeabepz, I'epmanuja
SMaxedoncka akademuja Ha HayKuilie U ymeitiHoCTiuile,
Crkoiije, P. Makeoonuja

AncrpakT: PeTkure 6onecru ce rojaeM npooaeM 3a NalMeHTUTE U HUB-
HUTE CeMejCTBa, OUfejKH YECTO He ce MPENO3HAaBAHNU Off CTPaHa Ha MEJUIIMHCKUTE
excrieptu. JlononHuTeaeH nMpobaeM € U (aKTOT feKa 3[paBCTBEHUTE (POHIOBH,
Nopajy OTrpaHUYEHHUTE CPEACTBA, YECTO OAOETrHyBaaT ja I'M Ipe3eMaT CBOUTE
ofaroBopHocTu 3a manumeHTuTe co PB. HuBHmMOT romem 6poj (5-8000), kako u
roneMuoT 6poj 6omHKM co PB (6-8% on momynanujaTa) ce Mpefu3BUK 3a CEKOE
OMIITECTBO, HO OCOOEHO 3a 3eMjuTe BO pa3Boj. McToBpeMeHo, 3a HaykaTa Pb ce
HEIPOLEHINB U3BOP HAa HOBH CO3HaHHMja Off o0nacTa Ha (pyHAaMEHTAJIHUTE Ouo-
nmomku 3akoHu. LlenaTa Ha 0BOj TpyA e mopoOap mperiieq Ha coctojoata co PB
KOW ' 3aceraat 6yopesute u ypunapHuoT TpakT (PBBYT) Bo Peny6iuka Maxke-
nonmja. Kako m3Bop Ha yBup KopucteH e PubMed Central u TpymoBuTe Kou BO
oBaa 0a3za Ha mopaTouny ce O0jaBeHM Off CTpaHa Ha MaKeJOHCKuUTe aBTopu. Bo
ofjieNHu ciayvyan (HO He M ceondaTHO) ynoTpeOuBMe M MONATOLM Off JIOKAJTHU
m3Bopu. Ce mokaxa fieka nocrou 3HauuTeseH 6poj Ha PBBEYT kou ce nmy6nuky-
BaHU BO CIIHCaHWja perucTpupanHu Ha PubMed, 1 oco6eHO 3HAUUTENHO, BO CIHCa-
HUja co MMIAKT (pakTop. PakTOT fleKa MOCTOjaT 3HAYUTEIHHU MyOIUKAIUA 32 OBOj
mpo6iieM, AoKaxXyBa fieka BO MakeloHrja TIOCTON CTpydYHa CBECT M MPOQECHO-
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HaJTHa KOMIIETEHTHOCT 3a [MjarHOCTUIMpake, U BO CllydyanuTe Kaje IITO MOCTON
JeKyBame u 3a opue Oonectu. Cemnak, criopey| MpeBaJIeHIMUTe 00jaBEeHH BO Pas-
BHUEHHUTE 3eMjH, cMeTaMe fieka e jacHo Aeka PBEBYT Bo HemoBosieH 6poj ce mmjar-
HOCTHIIMPAHH BO HaiIaTa 3eMja. Ha mpumep, cé yiuTe He IIOCTOM MANWEHT Kaj KOj
e pmjarHocTunupaHa PabpueBa GoiecT, MAKO cHoped O0jaBeHHTE MOAATOLM 3a
IpeBaJieHNja Ha oBaa 6omnect, Makeonunja 61 Tpebao 1a MMa BaKBY IMAIEHTH.
Opx HaydeH acmekT € NOTPeOHO Jla ce MCTaKHe ficKa HEKO! Off TPYAOBUTE Ha MaKe-
JTOHCKHTE aBTOPH, c€ TIOMECTEHN BO KOPITYCOT Ha (PyHaMEHTATHUTE MEIUINHCKA
no3HaBamwa. CeTo Toa € OCBElOYEHO CO BaxkeH Opoj Ha TPyHAOBH O0jaBeHH BO
crcaHuja co 3HAUNTEJIeH IMIAaKT (PaKkTop.

3axayqoyu: IToTpeGHO € 3ronemMyBame Ha OygHOCTa, HO U HOBU (hOpMU
Ha JloefiyKanyja 3a JekapuTe. 3apaBcTBeHNOT (hoHA Ha MakenoHHja Mopa fa T
omaTh 1 OBUE MANUEHTH BO (PMHAHCHPAHE Ha AMjaTrHOCTHIVIPAIE W JIEKYBAE
Ha oBHe OojecTH. BoBenyBame Ha INMPOK HEOHATAJECH CKPMHMHI (TpUECeTHHA
HaMecCTO ef{Ha GOJIECT) € UCTO TaKa HYXKHOCT.

HOTp€6HO € 1 IIOHATAMOIIHO MNOAAPXKYBalkbE¢ Ha HEBJIAAUHUTE OpraHu3a-
IOVN Ha MAalJMCHTUTC BO HUBHATA aKTUBHOCT 3a HOHOprBa}be Ha rpuzaTa Ha Ia-
IUCHTUTE CO pCTKH 6oJecTn.

Knyunu 360poBu: petku Oosiect, Makefgonuja, 0yope3u, YypUHApHU TaTHUIITA,
reHeTHKa.
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