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Histidinaemia: screening, diagnosis,
clinical picture, therapy
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The paper presents the data of mass and selective screening on histi-
dinaemia. The results of complex clinical investigation of 16 patients with
histidinaemia are demonstrated. Two forms of the disease were differentiated
on the basis of evaluation histidine metabolism. The results of morphological
examination of liver biopsy specimens obviously demonstrated significant
structural and functional disorders of the liver in histidinaemia.

Much of attention attracted by
hereditary enzymopathies is devoted
to studies concerning histidinaemia.
Although the level of the metabolic
block and the nature of the enzyme
defect and associated metabolic dis-
orders have been elucidated [3, 9, 12,
16], the disease remains inadequately
investigated, and diagnosis still
poses difficulties. Existing controversy
in researchers’ opinions concerning
clinical manifestations and central
nervous system damage increases the
complexity of the histidinaemia prob-
lem. This engenders radically opposed
views on the expediency of active de-
tection of histidinaemia and designing
therapeutic modalities.

Survey of literature reports shows
that the greater majority of children
with histidinaemia have intellectual
deficits, speech impairment, seizures
or other neurological symptoms, and
physical retardation. Early diagnosis
and specific pathogenetically relevant

therapy are thus necessitated [7, 10,
21, 23, 25]. On the other hand, in
opinion ofa number of authors [8,14],
histidinaemia may be qualified as a
harmless disturbance of amino acid
metabolism requiring no special ther-
apy and, consequently, no active de-
tection.

Insufficient number of cases ob-
served by the authors, different
approaches to patient evaluation and
lack ofeffective criteria of interpreting
identified metabolic disorders may
partly account for the discrepant atti-
tudes in histidinaemia-associated prob-
lems.

Reviewing 82 case reports of histi-
dinaemia in children led us to the
conclusion that a complete evaluation
including quantitative determination
of skin and liver histidase activity had
been performed only in 22 patients
[2, 3, 26]. Metabolic disorders were
inadequately explored in the rest of
the children; moreover, in 19patients
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only urine and blood amino acid as-
say and the Folling test were em-
ployed [14, 19, 20].

Because of the literature controver-
sies, a purposeful study of histidin-
aemia seemed to be necessary, re-
cruiting updated objective methods of
diagnosis and health evaluation. In
addition, it is required that a true, ge-
netically determined histidinaemia be
differentiated from other, phenotyp-
ically similar conditions.

Materials and Methods

Evaluation of 110 859 newborns (mass
screening) and 9843 children with psycho-
motor retardation (selective screening) has
been carried out for detecting patients with
histidinaemia.

The diagnostic program was divided
into two stages. A semiquantitative amino
acid assay using auxotroph strains of E.
coli K-12 was used at the first stage [11].
At the second stage of the screening, a
panel of methods was used, comparising
serial determinations of histidine levels in
urine and blood with high-voltage electro-
phoresis, measurement of sweat urocanic
acid levels with an enzyme assay [17], L-
histidase loading tests, and measurement

of skin histidase activity (E.C. 4.3.1.3.)
[18].
The major criteria for histidinaemia

diagnosis were elevated blood histidine
level (normal = 80—135 pTtol[), enhanced
urinary histidine excretion (normal =
= 350—380 jUmol/day), positive Foiling
test, reduced sweat urocanic acid levels
(normal = 1.0—3.0 pmol/g), abnormal
oral histidine loading test, absent or de-
pressed histidase activity in the skin
(normal = 1.775.3 nmol ¢g-1 *sec-1).
Evaluations of the symptoms of the
central nervous system was given a special
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emphasis in clinical evaluation of the

patients.

The range of studies comprised neuro-
logical, psychometric (Wechsler test),
roentgenological, electro- and echoence-
phalographic examination.

Evaluation of the liver in individual
patient was by morphologic examination
of transcutaneous liver biopsy specimens
with light and electron microscopy.

Results

Diagnosis of histidinaemia by mass
screening of newborns and by selective
screening of children. The mass new-
born screening and the selective
screening of children with psychomo-
tor retardation have been undertaken
in order to identify patients With his-
tidinaemia.

The mass screening detected no
patients with genetically determined
histidinaemia. However, 99 in-
fants (1 : 1,120) were found to have
transient hyperhistidinaemia which
was interpreted by us as a result of
neonatal physiological immaturity of
histidase. The delayed histidase ma-
turation seemed to he due to perinatal
complications resulting in preterm
births, lower birth weights, etc. in 20%
of these infants. By its duration, hy-
perhistidinaemia was classifiable into
hyperhistidinaemia of the newborn
(66 individuals) with a stable normal-
ization of blood histidine levels at the
end of the neonatal period, and hy-
perhistidinaemia of infancy (22 indi-
viduals), with excess blood histidine
levels persisting during 2—6 postna-
tal months (Fig. 1); this might be re-
lated to a slower histidase maturation
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Fig. 1. Dynamic pattern of Mood histidine levels in infants with transient histidinaemia
during the first year of life

process due to high morbidity of these
infants in the first 6 months of life
(11 infants could not be examined).
Spontaneous reversal of metabolic dis-
orders and good psychomotor devel-
opment of the infants permitted to
withhold dietary correction. This made
obvious the inexpediency of mass
screening for histidinaemia in the
newborn.

During the selective screening, we
examined 9843 children with neuro-
developmental disorders. Hyperhisti-
dinaemia was found in 144 children
(1: 68). Follow-up of this group and
serial testing of urine and blood amino
acids showed that hyperhistidinaemia
was secondary in 128 patients (1: 77);
it was characterized by instability of
the abnormalities and their eventual
reversal. At the same time diagnosis
of genetically determined histidinae-
mia was confirmed in 16 of 144 child-
ren with hyperhistidinaemia (1: 615).

The sixteen children, ranging in age
from 1 to 14 years, have been given
a detailed examination at the Depart-
ment of Congenital and Hereditary
Diseases (Table 1).

Metabolic findings in histidinaemia
cases: Table | shows that every of 16
patients had persistently elevated his-
tidine blood level, reduced urocanic
acid level in sweat, unrecognizable or
significant lowered skin histidase activ-
ity, and abnormal response to oral
histidine challenge test presenting as
a considerable rise and slow decline
of blood histidine concentration (Fig.
2). It should be mentioned that en-
hanced urine histidine excretion and
positive Foiling test were seen only in
part of children, which might imply
unreliability of these tests in histidi-
naemia diagnosis.

Clinical picture of diagnosed histidin-
aemia cases: Assessment of clinical
and metabolic findings showed that,
like many other aminoacidopathies,
histidinaemia is characterized by clin-
ical polymorphism.

Two forms of histidinaemia were
differentiated on the basis of histidine
metabolism: histidinaemia with com-
plete metabolic block (skin histidase
activity absent) and that with incom-
plete metabolic block (skin histidase as
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Table |

Results of examination of 16 patients with histidinaemia

Metabolic disorders

X Age Status of the central o o . o Folling
Patients (yn nervous system Level_ of histidine Levgl 0f>hIStIdInE Leyel_ofurocanlc Skln_hl_stldase test
in blood inurine acid in sweat activity
Omol/l) Gumol/day) Omol/g) (nmol +g-1 +sec-1)
1. V. K. 2 Severe mental retardation, linguis-
tic underdevelopment, seizures 970 1,720 0.2 0 .
D. K. 2 Same 645 908 0 0 .
V. M. Psychomotor retardation 516 395 0.9 0.51 —
R. P. 2 Mental retardation, linguistic under-
development 280 288 0.1 0.21 _
V. P. 2.5 Same 297 210 0.7 0.71 —
6.0.B. 3 Severe mental retardation, symp-
toms of cerebral palsy, hydro-
cephalus, seizures 967 813 0.2 0.51 1
7. Al 3.5 Mental retardation, linguistic under-
development 310 377 0.9 0.24 —
8. A. M. 3.5 Same 380 361 0.4 0.03 —
9. Y. M. 3.5 Same 262 281 0.7 0.21 _
10. 1. S. 5.5 Same 355 266 0.1 0.31 —
11. Y. E. 5.5 Same 510 350 0.4 0.65 —
12. 0. K. S Same 387 327 0.4 0.50 —
13. M. V. 9 Same 967 1,038 0 0.01 +
14. N. S. 14 Mental retardation, linguistic under-
development, seizures 290 493 0.9 0.19 —
15. T. P. 14 Mental retardation, linguistic under-
development 580 492 0.4 0.69 —
16. S. P. 14 Same 275 405 0 0.32 —
Mean ~ SD 499+67.0 549+120.1 0.5+0.095 0.02+0.065
Control values 80— 135 350—380 1.0—3.0 1.7—5.3

Mean J; SD 1.8+ 0.22 3.3£0.60
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Fia. 2. Loading test with L-histidine in one illustrative histidinaemia patient and in a
healthy control

low as 0.01—0.71 nmol-g-1-secl).
Clinical examination revealed pro-
minent phenotypic resemblance of
most of patients to PKU patients: fair
hair, blue eyes, eczematous skin le-
sions. Some children displayed bone
deformities: spinal and crural cur-
vatures, funnel chest. However, symp-
toms of the central nervous system
damage dominated in the clinical sta-
tus: severe intellectual deficiency (1Q
60), significant impairment of fine and
gross motility, emotional disorders, se-
vere language underdevelopment, con-
vulsive syndrome, and other neurolog-
ical symptoms indicative of involve-
ment of the cortex and subcortical,
brainstem, and cerebellar regions. The
disease was progressive, three variants
of the progress could be distinguished :

— an early and rapid manifesta-
tion in the first six months of life,
with seizures and muscular hypotonus
clinically prevalent;

— a more gradual onset in the se-
cond half-year of life with emerging

symptoms of statomotor and mental
retardation;

— a late onset of the disease, with
initial symptoms of psycho-language
retardation appearing in the second
year of life.

The severity of cerebral lesions cor-
related with the degree of histidase
defect. Histidinaemia was especially
severe in children with complete met-
abolic block (two patients). It was
characterized by a fulminant early
onset and predominance of severe
nervous system lesions in the clinical
picture.

In the majority of histidinaemia pa-
tients, the clinical examination re-
vealed secondary metabolic disorders
associated with altered protein and lip-
id metabolism: hyperaminoacidaemia
(increased concentrations of 2 to 7
amino acids other than histidine in
13 children), hyperaminoaciduria (en-
hanced excretion of 2 to 4 amino acids
other than histidine in 9 children),
hyper-alpha2globulinaemia (12 chil-
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dren), hypo-beta-globulinaemia (10
children), intensified diphenylamine
test response (9 children), hyper-
eholesterolaemia (5 children).

Liver biopsy finding of histidinaemia
patients: Morphological examination
of liver biopsy specimens of patients
with  histidinaemia demonstrated
subtle structural and functional altera-
tions in the liver, generally indicative
of impaired protein synthesis and
energetic processes in hepatocytes,
and moderate destructive-degenera-
tive disorders, probably due to intoxi-
cation. The severity of the degenera-
tive disorders correlated with disease
duration: they were more pronounced
in older children. In particular, light
microscopic examination of the liver
specimens showed focal dissociation of
hepatocytic laminae, granular hépa-
tocyte degeneration, hydropic degen-
eration of individual cells, local
swelling or proliferation of the capil-
lary endothelium.

The most typical ultrastructural hé-
patocyte abnormalities in histidin-
aemia included a specific change in
appearance of mitochondria and en-
doplasmic reticulum. Internally re-ar-
ranged, rounded mitochondria produc-
ing local fusions were commonly
seen, especially near to hepatocyte
nuclei. The content of such mito-
chondria was a fine-granulated, mod-
erately osmiophilic material against
a light background which showed a
few crysts and partially disorganized
vesicles disintegrated into chains.
The granular endoplasmic reticulum
was poorly differentiated, its mem-
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branes were well recognizable only in
mitochondrion circumferences, sug-
gesting an impairment of protein syn-
thesis. On the other hand, hepatocytes
had considerable quantities of glyco-
gen granules which, together with mi-
tochondrial changes, was compatible
with a low intensity of redox processes
and inadequate detoxication function
of the liver.

The prominent ultrastructural ab-
normalities in hepatocytes of young
childrenwere incrased lysosome counts
and abundance of bodies containing
the membrane material, some of them
were outlined by bicontour mem-
branes, and presumably represented
disorganized mitochondria. These find-
ings were suggestive of a lack of
stability of hepatocyte membrane or-
ganelles. Solitary hepatocytes showed
sites of partial coagulation necrosis in
the cytoplasm. Hyperplasia of intra-
cellular organelles was often observed
in the capillary endothelium.

Furthermore, local disorganization
and lysis of endoplasmic reticulum
membranes and solitary mitochondria
were characteristic of hepatocytes of
older patients. In addition, there were
more diffuse swelling of the endothelial
cytoplasm, focal capillary plethora,
and moderate expansion of the vil-
lous pericapillary spaces filled with the
fine granular material.

Results of therapy in histidinaemia:
In working out therapeutic measures,
a priority was given to designing a
special pathogenetically relevant diet
[6]. The therapeutic diet was built up
by selecting natural foods. The major
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principle was restriction of histidine
in the patient’s diet; its allowance
was approximated from the minimum
daily requirement which is 34 mg/kg
body weight. A final dietary histidine
content was established individually,
depending on the severity of metabol-
ic defect. Although, the results on the
effectivity of the therapy will be pub-
lished in detail separately, institution
of the dietary treatment yielded brief-
ly as follows:

— normal blood histidine levels
were achieved within a short period
in all patients; however, there were
periodical transient elevations of
blood histidine levels in individual
patients, with no dietary excess;

— the treatment seemed to have a
benefical effect on the clinical status
of patients with the complete meta-
bolic block, as a reversal of convulsive
syndrome previously resistant to an-
ticonvulsants;

— the dietary treatmenthad a good
effect on the mental development of
patients with incomplete metabolic
block, as reflected by higher 1Qs.

These results proved the benefical
effect of the pathogenetically relevant
dietary therapy on histidinaemia pro-
gress. The efficacy of the diet was
dependent on the degree of the meta-
bolic impairment and on the time of
institution.

Examination of 16 parents of af-
fected children revealed elevated fast-
ing histidine blood levels and ab-
normal oral L-histidine loading test.
Reduced urocanic acid levels in sweat
were seen only in 3 individuals.
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Discussion

Our studies have demonstrated that
diagnosis of genetically determined
histidinaemia can be established on
the basis of the following biochemical
findings: hyperhistidinaemia (230 to
970 pmol/1 ; normal is 80— 135 pmol/1),
hyperhistidinuria (395 to 1.726 pmol/
day; normal is 350—380 pmol/day),
absence of urocanic acid from urine,
reduced urocanic acid level in sweat
(to 0.1—0.09 //mol/g; normal is 1.0—
3.0 /(mol/g), abnormal response to oral
histidine challenge test, absence or
reduction of skin histidase activity
(0.01—0.71 nmol-g-1. sec-1; normal
is 1.7—5.3 nmol-g-1.sec-1). Applica-
tion of these diagnostic criteria will
clearly distinguish cases of secondary
histidinaemia and avoid further input
of conflicting evidence concerning the
patient’s status.

The rather high incidence of tran-
sient histidinaemia detected by the
mass newborn screening is consistent
with the earlier evidence [1, 22], and
isa further proof of the needlessness of
the neonatal mass screening for his-
tidinaemia. The principal population
for the selective screening com [irises
infants with symptoms of psychomo-
tor retardation.

The variability of clinical-genetic
manifestations of histidinaemia is
thought to be due to its genetic
heterogeneity, existence of several
disease variants [2, 3, 13, 15]. Our
results have shown that clinical and
biochemical abnormalities are to a
great extent determined by histidase
activity. Two distinct forms are recog-
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nizable: histidinaemia with complete
and incomplete metabolic block [24].

Exploring the literature, we found
no studies dealing with structural-
functional evaluation of the liver in
histidinaemia. However, the hepatic
ultrastructure is known to be signif-
icantly altered by another genetic
disorder of amino acid metabolism,
also associated with cerebral abnor-
malities, namely by phenylketonuria
[4, 5]. It is notable that patients with
phenylketonuria develop metabolic
disorders, similar to those associated
with histidinaemia, e.g. dysprotein-
aemia, compensated metabolic acid-
osis. Both diseases are accompanied by
acid intoxication, impairment of oxi-
dation processes, lowered protein syn-
thesis.

Analysis of findings of electron
microscopy of liver biopsy specimens
both similarities and differences of
hepatocyte changes in the two dis-
eases. Comparison of hepatic ultra-
structural abnormalities shows that
histidinaemia with the incomplete me-
tabolic block is accompanied by
disorganization and moderate de-
struction of hepatocyte mitochondria
and significant underdevelopment of
the granular endoplasmic reticulum,
in these conditions cells contain much
glycogen and no free lipids. Converse-
ly, the subtle changes of hepatocytes
in phenylketonuria are dependent on
phenylalanine hydroxylase activity
and, in the majority of patients,
compensatory hyperplasia rather than
mitochondrial degeneration or de-
struction can be found; with more
developed granular endoplasmic re-
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ticulum and with free lipids as reserve
materials in the cytoplasm.

Thus, it may be asserted that in
histidinaemia there occur ultrastruc-
tural alterations in hepatocytes and
hepatocyte membranes qualitatively
different from those in PKU and these
are accompanied by a significantly
greater impairment of energetic, pro-
tein-producing and detoxicating func-
tions of the liver.

The presented findings must compel
attention also to the status of the liver
in histidinaemia; requiring further
study to improve therapeutic modal-
ities. Liver-protecting dietary and
medical measures may improve the
treatment results in histidinaemia.
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