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ABSTRACT 

We studied the immune system, especially the chemotactic activity of 
neutrophils, in ten patients with vitamin D-deficient rickets and compared 
the results with ten healthy controls of matched age. 

Among all immune system factors, the chemotactic studies persistantly 
showed remarkable deficiency in leukocyte mobility, both random motion 
and migration. When compared with controls, the findings were significant. 
It was postulated that the increased susceptibility of the patients with vitamin 
D-deficient rickets to infection is mainly due to defective neutrophil 
mobility. 

MJIRI, Vol.2, No.1, 29-31,1988 

INTRODUCTION 

Children suffering from vitamin D-deficient rickets 
are known to be susceptible to infection, mainly in the 
gastrointestinal and respiratory tracts. A few reports 
are described about vitamin D-deficient rickets and the 
defect.in chemotaxis in the literature. I This defect has 
been postulated to be the predisposing factor in such 
patients. This study was carried out to investigate the 
immunity state, especially neutrophil mobility, in chil
dren with vitamin D -dificient rickets. 

MATERIALS AND METHODS 

Studies were performed on ten children (five boys, 
five girls) with clinical, biological and radiological 
manifestations of vitamin D-deficient rickets. The age 
ofthe patients ranged from three to 36 months. All the 
children had a history of recurrent gastrointestinal or 
respiratory tract infection. None of the patients had 
associated malnutrition. Serum IgM, IgG, IgA, C3 and 
C4 were measured in seven patients by radial immuno
diffusion of Mancini (Behringer manufacture). Total 
hemOlytic complement (CH50) was detected by 
Mayer's method2 in six patients. The chemotactic tests 
were done by the modified technique of Boyden & 
Agget. 3.4 To measure neutrophil mobility, neutrophils 
were isolated from heparinized blood by dextran sedi-
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mentation. washed in Hank's medium. and resus
pended at 2 ml. Chemotactic factor was generated from 
the serum of a healthy donor by Escherichia coli 
endotoxin (Difco) in Hank's medium. The mobility of 
the neutrophils in 0.25 ml of this suspension through a 
millipore membrane of three microns pore diameter 
was measured by the method of Boyden. Agger. 
Farhoudi, et 'II. 3.;,> 

After three hours of incubation. the membrane was 
separated. washed free of red cells. stained with hema
toxylin and mounted on slides. The values of 75 
microns and 40 microns were chosen for determining 
defective mobility in migration and random mobility. 
respectively. In addition to the patients. neutrophil 
mobility was also measured in ten healthy age-matched 
children as controls. 

RESULTS 

The age, sex. clinical manifestations and non
immunological laboratory findings of the ten studied 
patients arc summarized in Tables I and II. The 
immunological findings of the patients arc shown in 
Table III as follows: serum levels of IgG, IgA. and IgM 
within normal range for age, complement function and 
serum C4 values normal in seven patients, but C3 levels 
below normal in two patients. The chemotactic studies 
showed absolute deficiency in leukocyte mobility, both 
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Defective Neutrophil Mohility in Rickets 

Tahle I. ('Iinieal findings of ten patients with vitamin 
D-difirient rickets. Tehran lIniwrsity of Medical Scien
ces ( I t)S.t-19S5). 

PATlE';T SEX ACE MANIFESTATI()N DIAGNOSIS 

F 

2 F 

3 M 

10 1110 FI'J' 

13 IllO rc,piratorv illkctioll rickch 
6 lllO c(lll,tipatioll, cOllvulsioll rickeh 

-+ F J IlHl cOIlI'ul,ioll, lITI DiCicorgc' >\Illlr(lille 

5 M -' IlHl cOIlI'ld,ioll rickeh 
(, M 

7 F 

141ll() re,p. illl.. c(lnvubioll 
3 \'1" Ic� dl'r()nl1iti('� 

rickets. Pllc'ullloni:1 
ri"ke" 

X 

9 

](I 

M 

M 

F 

:; 1110 re,p. inl., convul,ioll 
I J 11.10 cong.. heart di�c(l�c 
2()lllo FIT 

rickel>. pnL'ulllolli:1 
rickL'h. VSD 
rickeh 

in random motion and migration. The statistical all�tly
sis of the chemotactic studies from the patients and the 
controls revealed a statistically significant impairment 
of neutrophil mobility (Figures 1 and 2, Tables L II, 
II I). 

DISCUSSION 

Neutrophil chemotaxis is an important constituent 
of phagocytosis and the immune mechanisms against 
hacterial invasion, and defective leukocyte mobility 
has been associated with recurrent infections in 
affected individuals. 

Impaired leukocyte mobility has been described as a 
secondary disorder in various disease states sllch as 
diabetes mellitus, rheumatoid arthritis, and 
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Figure I. Chemotaxi, in ten patient> with rickel>. 
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Table n. Laboratory findings of ten patients with 
rickets. 

PATIENT eBC Ca P Alk phos U/A RADIOGRAPHY 

I N L t i N fracture. rickeh 

2 N N t i N rickeh 

3 N t t i N rickcb 

4 N L i i UTI ricke\>, ab,ellt thYl11U> 

5 N t t i N ricket, 

6 N N t i N rickets 

7 N N t i N rickets 

X N N t i N ricker, 

9 

I 
N L L i N ricket, 

10 N L L i N rickets 

-mal nut ri ti 0 n. h 

Our study. in concordance with other investiga
tions, indicates that there is a secondary defective 
neutrophil mobility in patients with vitamin D
deficient rickets. It is likely that this impairment is the 
main, if not the only factor that ,\ccounts for recurrent 
infections in these patients. 

The precise mechanisms of neutrophil mobility 
have not yet been determined. There are a number of 
proteins such as actin and myosin that form filamentous 
structures in Icukocytes, -., which are structurally and 
enzymatically similar to the actin-myosin system in 
muscles. Ncutrophil movemcnt is therefore probably 
achieved bv the contraction of these microfilaments. 

Thc polymerization and depolymerization of the 
actin network effected by the tubulin skeletal system, 
appears to be essential for many of the functions of the 
neutrophils, including attachment to surfaces, ph�i
gocytosis, movcment. and degranulation.'"'' 

It is postul,ated that hypocalcemia and hypophos
phatemia in \Itamin D-deficient rickets may produce 
in tracc II u lar c ha ngcs su fficicn t to in te rfere wit h normal 
contractilitv ottile microfilamcnts, and thus leukocvte 
mobility. S i ncc the contractility of intracellular mic�o
filaments, as the main means of leukocvte mobilitv, is 
dependent upon normal calciuJll an

"
d phosplH;rus 

Chemotactic Factor 
- CF 
+CF 

P 0.001 + CF 
p 0.001 - CF 

Patients 
20.6 ± 7.5� 
51.5 ± 16.5 

T test = 3.��6 D.F. = I� 
T tcst = 3.K52 

Figure 2. Data findings in ten palienb with rickets, 

Controls 
33.3 ± l).40 
7l).5 ± 15.72 
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Table III. Immunological findings in ten patients with rickets. 

Immunoglobulins (mg/dl) Complement 
Chemotaxis "-

Patients Controls 
Patient Age 

IgG IgA IgM CH50 

I IlJlllll 175() m: 21 5 

2 IJmo 575 3<) 5<) X(I'x., 
.' 6 III 0 570 -IS 177 <)()% 

-I 31110 NO 

5 5�lllo 75 trace I-IS SO'X, 
C, 1-1 III 0 -ISO -II 6<) <)()% 

7 3 VI" 1250 1<)0 1 76 �()tXJ 

S Sill" 651 XS 35<) 60% 

<) 13 1110 NO 

III 211mo, NO 

ND = not detectable 

metabolism. it is suggested that hypocalcemia and' 
hypophosphatemia in vitamin D-deficient rickets arc 
the responsible factors which interfere with the normal 
contractility of the microfil'llllcnts. resulting IT1 Im
paired leukocyte mobility. 
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