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ongenital or genetic metabolic diseases started to attract attention firstly
in 1902 when Archibald Garrod identified “alkaptonuria-
” which is an amino acid metabolism disorder. More than 50 years pas-

sed from the time Garrod observed that urine colour changes according to the
dietary content and the disease passes through an autosomal recessive inheri-
tance until the time when enzyme responsible for the disease was showed. La
Du et al. established the enzymatic diagnosis just in 1958 by indicating that Ho-
mogentisic acid is responsible for this disease. Showing the place of the gene-
tic problem became possible 40 years later.1 As the speed of enzyme and gene
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stu di es in cre a ses in me di ci ne, the se du ra ti ons be ca me
shor ter. As a re sult, mo re than 5000 congenital meta-
bolic diseases (CMDs) ha ve be en iden ti fi ed in the
pre sent ti me.1 The se di se a ses ha ve be en pub lis hed
firstly in bo oks un der the edi tors hip of Dr. Vic tor A.
McKu sick sin ce 1960. As from 1995, they ha ve be en
re gu larly up da ted and pub lis hed on the in ter net ]On-
li ne Men de li an In he ri tan ce in Man (OMIM)].1,2 Stu -
di es si mi lar to the OMIM clas si fi ca ti on ha ve be en
con duc ted on the in ter net for ani mals for mo re than
30 ye ars.1-8 Pat ter son, Jezyk et al. from Uni ver sity of
Penns ylva ni a La bo ra tory Ge ne tic Me ta bo lic Di se a -
ses iden ti fi ed mo re than 1000 CMDs in cats and dogs
(On li ne Men de li an In he ri tan ce in Ani mals,
http://www.omi a.an gis.org.au).5 Uni ver sity of Cam-
brid ge pub lis hed the da ta for dogs on in ter net
(http://www.vet.cam.ac.uk).1,5 Mo re than 50 di se a ses
we re iden ti fi ed by Phi la delp hi a study gro up. Fin d-
ings gi ve ri se to tho ught that CMDs are not as ra re as
it is tho ught in the ani mals. Co up ling bre eds ha ving
clo se ge ne tic cha rac te ris tics par ti cu larly for the sa ke
of ob ta i ning a pu re ra ce in cre a ses the li ke li ho od of
ap pe a ran ce of ge ne tic di se a ses. Be ing awa re of cli ni -
cal fin dings and di ag no sis exa mi na ti ons abo ut CMD
will be the first step to es tab lish a di ag no sis and pre-
vent the de ve lop ment of un he althy ge ne ra ti ons.1,4-8

As in all di se a ses, CMD ap pro ach al so starts
with de ta i led his tory.8,9 A well-re ce i ved dif fe ren -
ti al story gi ves many clu es in the di ag no sis. De ta ils
of de aths, si mi lar di se a se his to ri es and preg nancy
and birth in for ma ti on which can not be exp la i ned
in the first ages are le arnt thro ugh qu es ti o ning
which co vers thre e ge ne ra ti ons.8

Symptoms in the new borns re gar ding CMDs
ge ne rally start to emer ge in a co up le of days or we -
eks fol lo wing the birth. The re are al so ex cep ti ons
for that. Fin dings can start to ap pe ar in tra u te rin or
in the adult pe ri od. Even tho ugh the cli ni cal pic tu -
re is mul ti fa ri o us, me ta bo lic di se a ses sho uld be sus-
pec ted in the pre sen ce of let hargy, ab sen ce of
suck ling, vo mi ting, tachy pne a (for com pen sa ti on for
me ta bo lic aci do sis), car di ac shock and con vul si ons.
Signs of di se a se will be mo re se ri o us if ap prop ri a te
and emer gency tre at ment is not con duc ted; and stu-
por, co ma, chan ges in to ne (hypo to ni a, hyper to ni a),
pos tu re (opis to to nus) and mo ve ment (lic king one-

self, swal lo wing, myoc lo nus) chan ges, ap ne a and
sle e pi ness ap pe ar.8,9 A mo re se ri o us res pon se which
can not be exp la i ned to a mild in fec ti o us di se a se such
as hypogl yce mi a, con vul si on and the for ma ti on of
co ma are im por tant clu es for CMD. 

Dysmorphy, cor ne al ha ze, co ar se fa ci al ap pe a -
ran ce, dysos to sis mul tip lex, a cha rac te ris tic body
odor, he pa tosp le no me galy, hyper trop hic or di la ted
car di om yo pathy, ne u ro mo tor de ve lop ment de lay
and hypo to ni a are im por tant da ta in dif fe ren ti al di-
ag no sis in terms of CMD.9,10 Dysmorphy can be ap-
pa rent in the birth; ho we ver, chan ges can oc cur in
phe noty pe in the co ur se of ti me in spi te of nor mal
de li very. Whi le in tra u te ri ne ex po su re is con si de -
red first in dysmorp hic ba bi es, sub se qu ent dys-
morphy ne eds to be exa mi ned in terms of sto ra ge
di se a ses. Par ti cu larly pe ro xi so mal di se a ses are tho -
ught of in the pre sen ce of dysmorp hic new borns.
Many lyso so mal sto ra ge di se a ses we re iden ti fi ed in
par ti cu larly cats and dogs thro ugh ske le tal de for -
mi ti es and ocu lar fin dings.7,10-14 Mo re o ver, his to -
pat ho lo gi cal, bi oc he mi cal, mo le cu lar di ag no sis of
tho se we re es tab lis hed; and ge ne the rapy stu di es
co uld be con duc ted on so me of them.7,11,12,15,16

Co oc cur ren ce of ab nor mal ocu lar fin dings and
CMD is fre qu ent. It can ap pe ar as an early sign in
the first month of li fe in ca ses of lens dis lo ca ti on, ho-
mocy sti nu ri a, moly bde num co-fac tor de fi ci ency,
and sul fi de oxi da se de fi ci ency. Re ti nal de ge ne ra ti ve
chan ges are ge ne rally se en to get her with pe ro xi so -
mal di se a ses. Cor ne al ha ze and gla u co ma are ot her
eye symptoms which can ap pe ar to get her with
CMD. When CMD is sus pec ted, ca re ful eye exa mi -
na ti on is of im por tan ce. Me ta bo li cally sick dogs with
eye prob lems we re de fi ned in the li te ra tu re.9,10,12

In the la bo ra tory eva lu a ti on, di ag no sis ini ti a ti -
ve is star ted with ba sic me ta bo lic scre e ning tests in
the pre sen ce of sus pi ci o us fin dings (Tab le 1).  Hype -
ram mo ne mi a, hypogl yce mi a, me ta bo lic aci do sis,
the pre sen ce of ke to nes in the uri ne ma kes think of
CMD. If the re is a pic tu re li ke Re ye syndro me (non-
spe ci fic he pa tic en cep ha lo pathy, hypogl yce mi a),
ure a cycle, glu co ne o ge ne sis, fatty acid oxi da ti on,
res pi ra tory cha in or or ga nic acid me ta bo lism di sor -
ders may be the re a sons lying be hind.9,17,18 Among
CMD fin dings, hype ram mo ne mi a is the most im-
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por tant one be ca u se of the acu te en cep ha lo pathy.
In ca se of high am mo ni a, en cep ha lo pathy fin dings
can be se en in dif fe rent le vels such as na u se a, vo m-
i ting, let hargy and co ma. Ure a cycle di sor ders and
or ga nic aci de mi as sho uld be pri ma rily in ves ti ga ted
in the pre sen ce of se ri o us hype ram mo ne mi a.  Vi ta -
min B12 me ta bo lism de pen ded hyper am mo ni e mi -
a, ne u ro lo gi cal prob lems and methy lma lo nic
aci du ri as we re iden ti fi ed in the ani mals.1 Ot her ra -
re or ga nic aci du ri as we re iden ti fi ed par ti cu larly in
the dogs.17-19 In or ga nic aci de mi as, an in cre a se in
plas ma lac ta te can be se en be ca u se of the se con dary
in te rac ti on of the se me ta bo li tes with co enz yme A
me ta bo lism be si des ori gi nal or ga nic in ter me di a te
me ta bo li tes.  Ne ut ro pe ni a and throm bocy to pe ni a
can be se en; and sep sis can be ad ded to the cli ni cal
pic tu re. Sin ce inf lam ma tory di se a se pro vi des pat ho-
lo gi cal fin dings in so me CMDs or tests pro vi de pat -
ho lo gi cal fin dings in ot her stress si tu a ti ons, it may
be ne ces sary to re pe at the test if the sus pi ci on con-
ti nu es in the di se a ses in spi te of the ne ga ti ve re sult.  

In CMD, cen tral ner vo us system, li ver, he art,
musc le, kid ney, ske le tal system and eyes are fre qu -
ently af fec ted. Par ti cu larly tu bu lar dysfunc ti on or
sto ne for ma ti on is iden ti fi ed as most fre qu ent com-
p la int in in vol ve ment of the kid neys. Hype ro xa lu -
ri a, pro li nu ri a, hydroxy pro li nu ri a, cysti nu ri a,
xant hi nu ri a and uric aci du ri a we re iden ti fi ed as ca -
u ses of kid ney sto nes in cats and dogs.1,20,21

Pyru va te me ta bo lism or res pi ra tory cha in de-
fects co uld le ad to pri mary lac tic aci do sis cre a ting
se ve re me ta bo lic aci do sis. The re is no ot her clu e in
uri nary or ga nic acid analy sis. Lac ta te/ pyru va te ra -
te sho uld be in ves ti ga ted by eva lu a ting plas ma
pyru va te le vel and lac ta te le vel si mul ta ne o usly.
Car di ac, ce reb ral in vol ve ment fin dings and en cep -
ha lo pathy epi so des we re iden ti fi ed in dif fe rent dog
bre eds be ca u se of the mi toc hon dri al di se a se.1,9,21-24

Cli ni cal samp les are ava i lab le in ani mals for
glyco gen sto ra ge di se a ses which are one of the
prob lems abo ut synthe sis and uti li za ti on of car bo-
hy dra tes on me ta bo lic path way be fo re the mi toc -
hon dri a, which le ad to energy de fi ci ency, and
which are al so clas si fi ed as a sto ra ge di se a se.17,22,24 

DI AG NO SIS AND TRE AT MENT 
AP PRO ACH TO CON GE NI TAL
ME TA BO LIC DI SE A SES 

The pa ti ent tho ught to ha ve CMD thro ugh me di cal
his tory and cli ni cal fin dings  sho uld be pri ma rily
sub jec ted to a physi cal exa mi na ti on to de ter mi ne
in which di se a se gro up he/she is in; and ba sal and,
if ne ces sary, spe ci al exa mi na ti ons sho uld be plan -
ned. 

Cli ni cal fin dings can co me abo ut as in to xi ca ti -
on tab le (hype ram mo ne mi a wit ho ut ke to nu ri a, 
hype ram mo ne mi a to get her with or wit ho ut ke to -
a ci do sis); lack of energy tab le (to get her with lac tic

Finding Disease 

Macrocytic anemia Folic acid + cobalamin metabolism disorders

Reticulositosis Glycolysis disorders, disorders of gamma-glutamyl cycle

Vacuolized lymphocytes Lysosomal storage diseases

High alkaline phosphatase Bile acid synthesis defects

Low cholesterol Sterol synthesis disorders, lipoprotein disorders

High CK Mitochondrial disorders, fatty acid oxidation disorders, GSD, glycolysis disorders, 

muscle AMP deaminase deficiency, the dystrophinopathies

High alpha-fetoprotein Ataxia-telangiectasia, tyrosinemia

Increase in uric acid GSD, purine metabolism disorders, fatty acid oxidation disorders, mitochondrial diseases

Low uric acid Purine metabolic disorders, the molybdenum cofactor deficiency 

Highness of iron and transfer Peroxisomal diseases

Increase in copper Peroxisomal diseases

Low copper and ceruloplasmin Wilson disease, Menkes disease, aceruloplasmin

Hypothyroidism, hypoparathyroidism Mitochondrial diseases, CDG syndrome

TABLE 1: Routine laboratory evaluation.10
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aci do sis, wit ho ut lac tic aci do sis); tab le of sto ra ge,
hypogl yce mi a or li ver in vol ve ment (Tab le 1). Ba sal
tests are ta ken ac cor ding to the cli ni cal fin dings
(Tab le 2); and pa ti ents are ori en ted to furt her exa -
mi na ti ons ac cor ding to the re sults.5,9,25

Emer gency tre at ment sho uld be star ted when
or ga nic aci de mi a and ure a cycle di sor ders are sus-
pec ted. Tests for dif fe ren ti al di ag no sis sho uld be fi-
na li zed wit hin 48-72 ho urs. Ap prop ri a te and
ef fi ci ent tre at ment con duc ted un til con fir ma ti on
ti me of the di ag no sis sa ves li ves and pre vents se qu -
el la e. In the first pla ce, ac cu mu la ti on of am mo ni a
or pat ho lo gi cal me ta bo li te sho uld be pre ven ted. To
this end, pro te in in ta ke is im me di a tely stop ped. 

He mo di aly sis is ad mi nis te red to the se ve rely
ill new born with hype ram mo ne mi a; in this way,
ac cu mu la ted to xin is re mo ved. If the pa ti ent is in a
co ma or con nec ted to the ven ti la tor, or if he/she

has a bra in ede ma, the pa ti ent sho uld be sub jec ted
to emer gency di aly sis be fo re the me di cal tre at -
ment. Af ter re mo ving the to xic subs tan ce, se cond
tar get is to pre vent ca ta bo lism. Pri ma rily in tra ve -
no us glu co se is la unc hed. If the re are ure a cycle di -
sor ders, in tra ve no us li pid is star ted. No pro te in
sho uld be gi ven un til the di ag no sis is es tab lis hed. 

When or ga nic aci de mi a is sus pec ted, vi ta min
B12 sho uld be star ted with 1 mg in tra mus cu lar. It
is ef fi ci ent in the form of methy lma lo nic aci de mi -
a which is res pon si ve to the B12. Pa ti ents with mul-
tip le car boxy la ses de fi ci ency sho uld be gi ven 10 mg
oral bi o tin. If aci do sis is ava i lab le, in tra ve no us bi-
car bo na te is ad mi nis te red.26-28

Hypogl yce mi a car bohy dra te me ta bo lism may
be as so ci a ted with fatty acid oxi da ti on di sor ders or
pro te in in to le ran ce. The best-known type of it is he-
pa tic glyco gen sto ra ge di se a se (GSD). Re le a se of glu-

Uriner Color, smell 

Bar tests

Ketonuria (pathological in newborns) 

Alkaline pH (if >5 separate it from renal tubular acidosis)

Special tests

Sulfide test 

Reducing agent 

Ferric chloride 3  test

Dinitrophenyl hydrazin test

Electrolytes

Na, K

Organic acids, other special tests

Blood Complete blood count 

Anemia, pancytopenia, granulocytopenia, thrombopenia

Biochemical tests

Electrolytes (adrenogenital syndrome)

Blood sugar

Liver function tests

Uric acid

Ca, P

Blood gases, acid-base status, anion gap 

Ammonia, lactate (higher pyruvate, ketones, perchloric acid extraction)

Amino acids (plasma)

Emergency carnitine (Guthrie-card), carnitine level

Other tests ECG, ECHO, cranial ultrasound 

Plasma taken in the acute phase, CSF; keep urine in the refrigerator

TABLE 2: Diagnostic tests for congenital metabolic diseases.10
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co se from glyco gen is de fec ti ve in the pro lon ged fas t-
ing. Hypogl yce mi a, he pa to me galy, and lac tic aci do -
sis are ap pa rent fin dings of GSD.9 Most of fatty acid
oxi da ti on di sor ders (FA O) gi ve early fin ding with
the hypogl yce mi a. When glyco gen sto res get empty
and fatty acids start to be ne e ded in pro lon ged fas t-
ing, hypogl yce mi a prob lems be co mes evi dent for
GSD and FA O. Sin ce acetyl-Co A pro duc ti on dec re -
a ses in spi te of hypogl yce mi a de ve lop ment, ke to ne
pro duc ti on is im pa i red. Even tho ugh just a li mi ted
num ber of ke to nes are pro du ced, typi cally, non-ke -
to tic hypogl yce mi a de ve lops. Hypogl yce mi a can be
se en by it self or to get her with ot her bi oc he mi cal di s-
or ders as so ci a ted with Re ye syndro me such as hype -
ram mo ne mia, me ta bo lic aci do sis, and li ver
dysfunc ti on. He pa to me galy can oc cur. That kind of
new born must ne ver go hungry. Se con dary car ni ti -
ne de fi ci ency is se en in FA O as a re sult of ex ces si ve
ex cre ti on of acy lcar ni ti ne in the uri ne. Uri ne or ga nic
acids, se rum car ni ti ne eva lu a ti on are im por tant in
FA O dif fe ren ti al di ag no sis at the be gin ning.  The se
tests are ade qu a te for MCAD di ag no sis. Ho we ver,
enz yma tic di ag no sis can be ne e ded for so me FA Os.
Du ring the tre at ment, suf fi ci ent glu co se sho uld be
pro vi ded thro ugh a fre qu ent fe e ding in such a way
that wo uld pre vent the hypogl yce mi a; fatty acid gro -
up which can not be me ta bo li zed in the di et is re du -
ced, and car ni ti ne sup port is pro vi ded. 

Most of pa ti ents with li pid sto ra ge di se a ses
(GM1-gang li o si dosis tip I, Ga uc her di se a se, Ni e -
mann-Pickdi se a se, Wol man di se a se) are born with
nor mal ap pe a ran ce; and he pa tosp le no me galy be co -
mes ap pa rent in early months of the li fe.  He pa to -
me galy can be se en in GSDs in the new born pe ri od.
Most of mu co poly sacc ha ri do ses such as Hur ler and
Hun ter syndro mes and mu co li pi do si ses such as
GM1-gang li o si dosis or I-cell di se a se are iden ti fi ed
with co ar se fa ce, he pa tosp le no me galy, ske le tal ano -
ma li es and her ni as in la ter pe ri od. Glu cu ro ni da se
de fi ci ency (mu co poly sacc ha ri do sis type VI I) may
gi ve fin ding in new born pe ri od. Fin dings are ava i -
lab le in birth in in fan ti le si a li do sis. Si a li do sis in ute -
ro can oc cur with se ve re hydrops fe ta lis. When
the se di se a ses are sus pec ted, scre e ning tests sho uld
be ma de for oli go sacc ha ri des and mu co poly sacc ha -
ri des. The se tests help the di ag no sis. Ho we ver, as

ne ga ti ve re sult do es not le a ve out the di ag no sis,
wrong-po si ti ve re sults can be se en in the new born.
Lyso so mal sto ra ge di se a ses must be dif fe ren ti al di-
ag no sis by eny zma tic study in le u kocy tes or skin
fib rob last cul tu re.5,25-28

Sho wing ske le tal de for mi ti es thro ugh ra di o lo -
gi cal exa mi na ti ons pro vi de im por tant clu es for 
di ag no sis of lyso so mal sto ra ge di se a ses.  Ne u ro ra -
di o lo gi cal eva lu a ti ons (cra ni al com pu ted to mog -
raphy, cra ni al mag ne tic re so nan ce ima ging and
spec tros copy) pro vi de in for ma ti on abo ut or ga nic
aci de mi as, sto ra ge di se a ses, mi toc hon dri al di sor -
ders, fatty acid oxi da ti on di sor ders.  Ab do mi nal ul-
tra so und gi ves fin ding abo ut li ver, sple en, kid ney
and uri nary tracts, sto ra ge di se a ses and ami no a ci -
du ri a-in du ced sto ne di se a ses.

CMD which are fre qu ently se en tho ro ug ho ut
the world we re ta ken in to the sco pe of scre e ning
for all new born ba bi es among the hu man be ings.9,26-

28 Ami no acid me ta bo lism di sor der cal led pheny lke-
to nu ri a is scre e ned al most all aro und the world. In
ad di ti on, if the re is a di se a se known to be iden ti fi -
ed in the fa mily be fo re hand, the re is even pos si bi -
lity to di ag no se the di se a se in tra u te ri ne.5,9 Post-
mor tem blo od, musc le tis su e, li ver tis su e, uri ne, ce -
reb ros pi nal flu id samp les of pa ti ents who we re sus-
pec ted to ha ve CMD but who di ed be fo re be ing
di ag no sed with a di se a se can be ta ken, and the exa -
mi na ti on can be ma in ta i ned to a fi nish.9 Di se a ses
fre qu ently se en among the ani mals ac cor ding to the
bre eds are scre e ned in terms of me ta bo lic di se a ses.5

DIS CUS SI ON

In Tur key, most of the ba sal exa mi na ti ons are con-
duc ted in fa cul ti es of ve te ri nary sci en ce. Ho we ver,
exa mi na ti on of fre e car ni ti ne and car ni ti ne es ters in
blo od vi a tan dem mass spec tro metry, exa mi na ti on
of or ga nic acids in the uri ne vi a gas spec tro metry,
qu an ti ta ti ve ami no acid analy sis in blo od, uri ne, and
if ne ces sary, in ce reb ros pi nal flu id which are all spe-
ci al me ta bo lic tests can be con duc ted in chil dren’s
me ta bo lic di se a se labs of me di cal fa cul ti es. Ad van -
ced enz yma tic and mo le cu lar exa mi na ti ons can be
con duc ted in chil dren’s me ta bo lic and ge ne tic 
la bo ra to ri es. Ho we ver, it is ne ces sary to cons ti tu te
ade qu a te da ta ba se par ti cu larly in bor der li ne ca ses



SOME OF CONGENITAL METABOLIC DISEASES IN THE ANIMALS AND IN THE HUMAN: REVIEW Işıl ÖZER

Turkiye Klinikleri J Vet Sci 2011;2(3) 195

so as to cre a te nor mal ran ge of va lu e for ani mals.
Mo re o ver, it may be ne ces sary to ta ke per mis si on
in or der for the se la bo ra to ri es to exa mi ne the sam-
p les ta ken from the ani mals. Re al so lu ti on is the la -
unch of the se stu di es by sci en tists in bi oc he mistry
de part ments of fa cul ti es of ve te ri nary, who are in-
te res ted in the to pic.

Cli ni cal ve te ri na ri ans, ve te ri nary pat ho lo gists
and ra di o lo gists sho uld ref resh the ir know led ge
abo ut the to pic so as not to skip any ca se. This is
be ca u se, a new di se a se is iden ti fi ed and new tre at -
ment met hods are de ve lo ped every day. A bit of at-
ten ti on and in for ma ti on can sa ve li ves of pe op le
and even of ge ne ra ti ons.   

This is al so the com mon fi eld of ve te ri na ri ans
and me di cal doc tors for for ma ti on and ca re of ex-
pe ri men tal ani mal mo dels pro du ced for tre at ment
and di ag no sis ex pe ri ments of di se a ses in hu man be-
ings. Me di ci nes tri ed for hu man be ings in the first
pla ce can be used for al so the ani mals ha ving si mi -
lar di se a ses; and the re ver se way can al so be va lid. 

CONC LU SI ON

CMD are the com mon prob lems of all mul ti cel lu -
lar or ga nisms. Col la bo ra ting for over co ming the
prob lem will gi ve gre at ac ce le ra ti on both to ve te -
ri nary and me di cal world in terms of de ve lop -
ments.
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