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ABSTRACT
Introduction: The aim of this study was 
to investigate the clinicopathological 
characteristics of Nigerian patients with 
osteomyelitis. 

Methods: 30 patients with osteomyelitis and 
30 apparently-healthy age- and sex-matched 
controls were investigated.  The packed cell 
volume (PCV), white blood cells (WBC) 
and differentials, and platelet counts were 
measured using an automated counter, 
while the erythrocyte sedimentation rate 
(ESR) was determined by Westergren’s 
technique. C3 activator, C1 esterase 
inhibitor (C1-INH), IgA, IgG and IgM were 
estimated by the single radial immuno-  
diffusion method. Wound swabs, blood 
cultures and biopsies were taken and sent for 
microscopic, culture and sensitivity analysis. 

Results: Patients with osteomyelitis had 
elevated total leucocytes, neutrophils, and 
platelet counts compared to the controls. 
There was also significant anaemia (t equals 
3.17, p-value equals 0.002) and a significantly 
elevated ESR (t equals 3.75, p-value equals 
0.000). Serum levels of C3 activator 
were significantly higher in patients with 
osteomyelitis (t equals 6.29, p-value equals 
0.000). Although serum levels of C1-INH, IgG 
and IgM were higher in osteomyelitis, they 
were not significantly so. Serum levels of IgA 
were reduced in patients with osteomyelitis. 
Significant correlations between PCV and 
ESR (r equals -0.486, p-value equals 0.006), 
ESR and total WBC count (r equals +0.542, 
p-value equals 0.002), ESR and platelet 
count (r equals 0.445, p-value equals 0.013) 
and total WBC count and IgG (r equals 0.507, 
p-value equals 0.019) were noted .

Conclusion: Nigerian patients with 
osteomyelitis have similar clinical and 
laboratory features already described 

in literature, with some noted immune 
dysfunctions. 
Keywords: bone infection, immune 
dysfunction, osteomyelitis
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INTRODUCTION
Osteomyelitis is the infection of the bone, which 

could result from haematogeneous spread, direct 

inoculation of pathogenic organisms following trauma, 

or complications arising from septic arthritis. The most 

common organism implicated in acute haematogeneous 

osteomyelitis in children is Staphylococcus aureus, 

while Staphylococcus epidermidis, Staphylococcus 

aureus, Pseudomonas aeruginosa, Serratia marcescens 

and Escherichia coli are commonly isolated in cases 

of chronic osteomyelitis.(1) Acute osteomyelitis  

is associated with discharge of pus, positive bacterial 

culture from bone or blood, and the presence of classic 

signs and symptoms of inflammation. In chronic 

osteomyelitis, there are also draining sinus tracts, 

deformity, impaired range of motion and neurological 

deficiency. In addition to the presence of the causative 

microbial agents, the risk of osteomyelitis is also increased 

by the presence of host factors such as neutrophil 

dysfunction, abnormal humoral and cell-mediated 

immunity.(1) Studies have also shown that Staphylococcus 

aureus, the major causative agent of osteomyelitis, 

produces human-specific inhibitory proteins which 

prevent opsonisation, phagocytosis and killing of the 

pathogen.(2) The aim of this study was to investigate some 

immunohaematological characteristics of Nigerians with 

osteomyelitis.

 

METHODS
Subjects with osteomyelitis that presented at the 

orthopaedic clinic at the Obafemi Awolowo University 

Teaching Hospitals Complex, Ile-Ife, and Ladoke 

Akintola University of Technology Teaching Hospital, 

Osogbo, between November 2003 and March 2005 were 

enrolled into the study. Age- and sex-matched apparently-

healthy controls were also recruited. Each patient was 

assessed clinically for features of osteomyelitis. These 

include painful skeletal swelling, warmth, tenderness, and 

decreased motion of the affected part of the limb.  Some 
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demographical data (age, gender, weight and height) of 

both the subjects and controls were also documented. 

Diagnosis of osteomyelitis was confirmed by isolation 

of the infecting organism(s) from the wound and/or 

tissue biopsy culture, blood culture and characteristic 

radiological features. 

Blood samples were taken from both the subjects 

and controls, in appropriate bottles, for blood counts 

(packed cell volume [PCV], white blood cells [WBC] 

and differentials, platelets, erythrocyte sedimentation rate 

[ESR]), serum immunoglobulins (IgG, IgM, and IgA) 

and complement regulator proteins (C1 esterase inhibitor 

[C1-INH] and C3 activator). Haematological parameters 

were estimated within six hours of sample collection, 

while serum for immunoglobulins and complement 

protein samples were stored at a temperature of -20°C and 

estimated in batches. The PCV, WBC and differentials, and 

platelet counts were measured using an automated counter 

(ADVIA-60 Bayer Corporation, New York, USA), while 

the ESR was determined by Westergren’s technique.(3) C3 

activator, C1-INH, IgA, IgG and IgM were estimated by 

the single radial immunodiffusion method of Salimonu et 

al,(4) using monospecific antisera (Dade Behring Marburg 

GmbH, Marburg, Germany). Data is presented as mean 

and standard deviation (means ± SD). Student’s t-test was 

used to test the significance of differences between mean 

values. Spearman’s correlation coefficient and multiple 

regression analysis were computed where necessary. A 

probability (p) value of greater than 0.05 was considered 

insignificant. The Statistical Package for Social Sciences 

version 11.0.1 (SPSS Inc, Chicago, IL, USA) software 

was used for all statistical analyses.

RESULTS
A total of 60 subjects were investigated, comprising 30 

subjects with osteomyelitis and 30 apparently-healthy age- 

and sex-matched controls. The subjects with osteomyelitis 

are made up of 20 male and ten female patients (i.e. male-

to-female ratio 2:1), while the controls were made up of 

14 male and 16 female subjects (i.e. male-to-female ratio 

1:1). There was no significant difference in their mean 

ages. The clinical features at presentation are documented 

in Table I. All patients aged 15 years and above (23/30; 

76.7%) presented with chronic osteomyelitis, while acute 

osteomyelitis (7/30; 23.3%) was found mainly in those 

younger than 15 years of age. Unlike the patients with 

chronic osteomyelitis, subjects with acute osteomyelitis 

did not present with multiple bone, involvement, bone 

deformity or had sinus formation. 

The laboratory characteristics of patients with 

osteomyelitis at presentation are shown in Table IIa. The 

haematocrit was significantly reduced, while the ESR 

was significantly elevated in subjects with osteomyelitis, 

compared to the controls (t = 3.17, p = 0.002; t = 3.75, 

p = 0.000, respectively). Although the total WBC and 

neutrophils differential and the platelet counts were 

higher in the subjects with osteomyelitis, they were not 

significantly different from that of the controls. The C3 

activator was also found to be significantly higher in the 

osteomyelitis group (t = 2.46, p = 0.019). Serum IgG, 

IgM and C1-INH, though higher in the osteomyelitis 

group, were not significantly different. On the other 

hand, serum IgA level was reduced in the osteomyelitis 

group. A comparison of acute with chronic cases 

showed a significantly elevated ESR, WBC, and platelet 

count (t = 2.42, p = 0.02; t = 2.63, p = 0.01; t = 2.17,  

p = 0.039, respectively), and a significantly low PCV 

(t = 2.43, p = 0.02), in those with acute osteomyelitis. 

IgG, IgM, C3 activator, and C1-INH, though higher in 

acute cases, were however not significantly different in 

the two groups (Table IIb).

The different organisms isolated are shown in Table 

III. Of the 26 wound-swab cultures carried out, 80.8% 

(21/26) grew Staphylococcus aureus, while the rest 

grew Klebsiella spp., Pseudomonas spp., Escherichia 

coli and gram-negative rods. The four tissue biopsies 

grew Staphylococcus aureus, while no organism was 

isolated from their blood. Staphylococcus aureus and 

Escherichia coli were the main organisms isolated 

from acute osteomyelitis. Radiographs showed various 

pathological changes, including sclerotic changes, 

involucra, sequestra, and pathological fractures. In some 

cases, no bone lesion was observable radiologically. The 

degree of involvement includes whole-bone involvement, 

metaphyseal, diaphyseal, or a combination of metaphyseal 

and diaphyseal, involvement. 

DISCUSSION
Osteomyelitis is a serious infection of the bone that 

is usually caused by pyogenic organisms, and which 

results in inflammatory bone destruction, bone necrosis 

Table I. Clinical features at presentation of patients 
with osteomyelitis. 

 No. %

Fever (≥ 38°C)

Bone pain

Swelling

Discharging sinus

Bone deformity

Joint arthritis

Fracture

Multiple site involvement

Chronic osteomyelitis

Acute osteomyelitis

10

14

21

16

6

6

6

5

23

7

30.0

46.7

70.0

53.3

20.0

20.0

20.0

16.7

76.7

23.3



Singapore Med J 2007; 48 (10) : 919

and new bone formation. The main objective of this 

study was to investigate the clinical and laboratory 

features at presentation in a cohort of Nigerian patients. 

In this study, the majority of our patients (76.7%) 

presented with chronic osteomyelitis, associated with 

bone deformity and sinus formation, which are signs 

of chronicity.(5) Misdiagnosis, ignorance, and poverty 

are some of the risk factors that have been identified  

as being responsible for the late presentation to a healthcare 

facility, and the progression to a chronic stage.(6) In addition, 

the belief in traditional healers(7-9) and their patronage 

before seeking orthodox medical care are contributory. 

Acute osteomyelitis is more common in the paediatric 

age group,(1) and this is consistent with our findings.

Table III. Isolated organisms from patients with 
osteomyelitis.

Wound swab 
no. (%)

Tissue biopsy 
no. (%) Blood

S. aureus 21 (80.8) 4 (100) –

Klebsiella spp. 1 (3.8) – –

Pseudomonas spp. 1 (3.8) – –

Gram-negative rods 1 (3.8) – –

E. coli 2 (7.7) – –

Table IIa.  Laboratory parameters of patients with osteomyelitis and the controls.

Parameters Patients with  
osteomyelitis Controls t-value Significance 

(p-value)

PCV (%) 34.0 ± 5.5 38.5 ± 5.5 3.17 0.002

WBC 7,590 ± 2,897.4 6,543 ± 2,886 1.40 0.166

Neutrophils (%) 48.7± 16.9 43.0 ± 11.4 1.53 0.131

Platelets 215,172 ± 39,255 205,500 ± 38,107 0.97 0.337

ESR (mm/hr) 56.8 ± 35.59 27.9 ± 22.8 3.75 0.000

IgG (mg/dL) 689.5± 169.7 660.6 ± 169.7 0.54 0.591

IgA (mg/dL) 170.9 ± 86.7 179.9 ± 51.9 0.35 0.730

IgM (mg/dL) 79 ± 40.87 71.8 ± 69.4 0.39 0.701

C1-INH (mg/dL) 29.7 ± 10.47 25.8 ± 2.66 1.31 0.200

C3 activator (mg/dL) 32.0 ± 11.59 10.6 ± 4.9 2.46 0.019

Table IIb.  Laboratory parameters of patients with acute osteomyelitis and chronic osteomyelitis.

Parameters Acute  
osteomyelitis

Chronic  
osteomyelitis t-value Significance 

(p-value)

PCV (%) 30.3 ± 6.0 35.7 ± 4.9 2.43 0.02

WBC 9,885.7± 3,707.8 6,891 ± 2,264 2.63 0.01

Neutrophils (%) 44± 20.0 50 ± 16.1 0.82 0.42

Platelets 243,333 ± 55,406 207,826 ± 31,478 2.17 0.04

ESR (mm/hr) 83.1 ± 47.8 48.7 ± 27.5 2.42 0.02

IgG (mg/dL) 840.7± 161.7 664.3 ± 169.2 1.68 0.11

IgA (mg/dL) 94.0 ± 46.7 183.8 ± 87.3 1.74 0.97

IgM (mg/dL) 92.0 ± 39.8 76.8 ± 41. 0.59 0.56

C1-INH (mg/dL) 32.0 ± 13.0 29.3 ± 10.3 0.41 0.69

C3 activator (mg/dL) 32.0 ± 13.8 10.6 ± 4.9 0.01 1.00
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Significant anaemia was recorded in our patients, 

compared to the controls. Chronic infections are known 

to cause several changes in the haematopoietic system, 

including shortened red blood cell survival, decrease in 

the amount of iron that is available for erythropoiesis, 

and a decrease in bone marrow activity, all predisposing 

to anaemia. However, easy access to antibiotics without 

prescription is prevalent in our community, and its 

prolonged usage could have also contributed to the 

anaemia recorded in this study. Antibiotics as a cause 

of anaemia has been documented by Senneville et  

al(10) in the case of Linezolid. ESR is useful in 

predicting the presence(11) and effectiveness of therapy 

in osteomyelitis.(12,13) In this study, the mean ESR was 

significantly higher in the patients, confirming its diagnostic 

usefulness in osteomyelitis. The significant positive 

correlations between ESR and WBC count (r = +0.542, 

p = 0.002) and between ESR and platelets (r = +0.455, p 

= 0.013) reinforce the usefulness of these parameters as 

surrogate markers of disease activity.(14,15) ESR was also 

found to be greater than 50 mm in the first hour in 50% 

of the patients, compared to 20% among the controls. 

Although the higher values in the subjects are significant  

(z = 2.05, p = 0.04) compared to the controls, the high 

ESR values documented in some of the apparently-normal 

controls could be a result of some endemic bacterial and 

parasitic infections in the tropics, especially malaria and 

intestinal worm infestation, which could cause some 

occult inflammatory response. 

This study also revealed elevated WBC and 

differential counts in the subjects, though the difference 

is not significant. It is however an important finding as 

neutrophilia has been found to be associated with an 

increased risk of development of chronic osteomyelitis, 

ambulatory disability, limb-length discrepancy, and 

abnormalities of bone growth in patients with pyogenic 

arthritis.(16) Microbial infections could result in haemolysis; 

and in haemolytic anaemias, the levels of erythropoietin 

(which also has thrombopoietic activity(17,18)) are generally 

raised, and could account for the higher platelet count found 

in the significantly anaemic patients with osteomyelitis. 

Further subdivision of the subjects into acute and chronic 

osteomyelitis revealed significant elevation of the ESR, 

leucocytes, and platelet counts in acute cases, confirming 

their usefulness in the diagnosis and monitoring of acute 

infections,(19-21) while the significant reduction in PCV is 

not unexpected as bacterial infections are known causes of 

(haemolytic) anaemia.(22) 

The fundamental function of the immune system 

is the protection it provides against infectious 

microorganisms. In individuals with serious infection, 

such as osteomyelitis, management of the infection 

should not only involve antibiotic therapy and care of the 

wound, but attention should also be directed at defining 

immunological abnormalities that may predispose such 

individuals to microbial infections or factors that may 

prevent early resolution of the infection. Investigating 

such abnormalities may suggest alternative therapeutic 

modalities which could decrease the incidence of 

microbial infections and improve survival in this category 

of patients. Previous studies have reported the weakening 

of protective immunity in subjects with osteomyelitis 

involving abnormalities, such as reduction in the serum 

levels of the three major immunoglobulins (IgG, IgA, 

and IgM), reduction in IgG subclasses, decrease in 

B lymphocytes and T suppressor cells counts, and 

hypoproteinaemia.(23-28) 

Our present study showed a non-significant increase 

in the serum levels of IgG and IgM. This increase might 

suggest an indication of differential response of patients 

with osteomyelitis to infection, as IgG acts as an opsonin 

to aid phagocytosis of microbial pathogens, and also, 

both IgG and IgM are important activators of the classical 

complement pathway which also lead to the generation 

of another form of opsonin (C3b) or membrane attack 

complex, which is important in complement-mediated 

cytolysis of the pathogens.(29) On the other hand, a non-

significant reduction in serum IgA level was detected in 

osteomyelitis. Since IgA provides mucosal immunity, 

the sub-normal level recorded could be due to the body’s 

diversion of immunoglobulin production to more of 

serum immunoglobulins to combat the haematogeneous 

organisms responsible for the bone infection. Sub-division 

of the osteomyelitis group into the acute and chronic 

showed that patients with acute osteomyelitis had non-

significant higher serum levels of IgG and IgM, but low 

levels of IgA, suggesting that these parameters are useful 

acute phase reactants in monitoring the effectiveness of 

therapy in this group of patients, similar to findings from 

studies of other disease conditions.(14,30) The possibility 

is further suggested by the positive correlation found 

between IgG and WBC (r = +0.507, p = 0.019).

The alternative pathway C3 activator, also known 

as factor B, is a regulatory protein which combines with 

unstable C3b to form the more stable C3bBb that is capable 

of activating more C3 in the alternative pathway. Activation 

of the alternative pathway of the complement system is 

associated with a decrease in the serum level of the C3 

activator. In this study, serum levels of the C3 activator 

were significantly higher in subjects with osteomyelitis 

compared to the controls, suggesting a defective alternative 

complement pathway. Some pathogens are known to produce 

specific inhibitor proteins, which inhibit complement-

mediated phagocytosis from killing and opsonising the  

organism.(31) The staphylococcus specific inhibitor protein 

from Staphylococcus aureus prevents efficient cleavage 

of C2 and factor B, and thus affects the formation of 

C4bC2a and C3bBb, which in turn may be responsible for 
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the high value recorded and probably explain the likely 

defect in subjects with osteomyelitis. 

In this study, more than 80% of the cultures grew 

Staphylococcus aureus. Complement component, 

C1-INH, is an important regulator of many plasma 

mediator pathways, including the complement system. 

Jiang et al showed that C1-INH inhibits alternative 

pathway activation by inhibiting the activities of factor 

B and the cleavage of C3 indirectly through C3b, 

and that the removal of C1-INH remarkably restored 

the activities of the pathway.(32) Our study showed a 

non-significant higher serum C1-INH in patients with 

osteomyelitis compared to the controls, also suggesting 

a defective alternative complement pathway in Nigerian 

subjects with osteomyelitis. It is also noteworthy that 

both C3 activator and C1-INH are slightly higher in 

acute osteomyelitis, which is also in agreement with their 

possible classification as an acute-phase protein.(33)

From our findings, it may be concluded that the 

clinicopathological features of Nigerians with osteomyelitis 

is not different from that which has been reported elsewhere. 

We, however, noted the usefulness of some laboratory 

parameters, including WBC, platelet counts, and ESR, as 

surrogate markers of inflammation, which may be used in 

monitoring the disease. Nigerians with osteomyelitis were 

also found to have some immune dysfunction, which may 

necessitate the use of immunotherapeutic agents, as has 

been done elsewhere.(23)

ACKNOWLEDGEMENTS 
We thank our colleagues in the departments of 

Haematology and Orthopaedics for allowing us to include 

some of their patients in the study.

REFERENCES
1.  Carek PJ, Dickerson LM, Sack JL. Diagnosis and management of 

osteomyelitis. Am Fam Physician 2001; 63:2413-20. 
2.  Rooijakkers SH, Ruyken M, Roos A, et al. Immune evasion by a 

staphylococcal complement inhibitor that acts on C3 convertases. Nat 
Immunol 2005; 6:920-7. 

3.  Dacie JV, Lewis SM. Practical Haematology. 7th ed. Edinburgh: 
Churchill Livingstone, 1991. 

4.  Salimonu LS, Ladipo OA, Adeniran SO, Osukoya BO. Serum 
immunoglobulin levels in normal, premature and postmature newborns 
and their mothers. Int J Gynaecol Obstet 1978-1979; 16:119-23.

5.  Lew DP, Waldvogel FA. Osteomyelitis. N Engl J Med 1997; 336:999-
1007.

6.  Onche II, Obiano SK. Chronic osteomyelitis of long bones: reasons 
for delay in presentation. Niger J Med 2004; 13:355-8.

7.  Onuminya JE. The role of the traditional bonesetter in primary fracture 
care in Nigeria. S Afr Med J 2004; 94:652-8.

8.  Alonge TO, Dongo AE, Nottidge TE, Omololu AB, Ogunlade SO. 
Traditional bonesetters in south western Nigeria--friends or foes? 
West Afr J Med 2004; 23:81-4.

9.  Thanni LO. Factors influencing patronage of traditional bone setters. 

West Afr J Med 2000; 19:220-4.
10.  Senneville E, Legout L, Valette M, et al. Risk factors for anaemia in 

patients on prolonged linezolid therapy for chronic osteomyelitis: a 
case-control study. J Antimicrob Chemother 2004; 54:798-802. 

11.  Auh JS, Binns HJ, Katz BZ. Retrospective assessment of subacute 
or chronic osteomyelitis in children and young adults.  Clin Pediatr 
(Phila) 2004; 43:549-55.

12.  Carragee EJ, Kim D, ver der Vlugt T, Vittum D. The clinical use of 
erythrocyte sedimentation rate in pyogenic vertebral osteomyelitis. 
Spine 1997; 22:2089-93.

13.  Kaleta JL, Fleischli JW, Reilly CH. The diagnosis of osteomyelitis 
in diabetes using erythrocyte sedimentation rate: a pilot study. J Am 
Podiatr Med Assoc 2001; 91:445-50.

14.  Verma UN, Misra R, Singh RR, Agarwal SS, Naik S. Serological 
correlates of inflammation in rheumatoid arthritis: usefulness of acute 
phase reactants in monitoring disease activity. J Indian Rheumatol 
Assoc 2002; 10:1-4.

15.  Hutchinson RM, Davis P, Jayson MI. Thrombocytosis in rheumatoid 
arthritis. Ann Rheum Dis 1976; 35:138-42. 

16.  Yuan HC, Wu KG, Chen CJ, Tang RB, Hwang BT. Characteristics and 
outcome of septic arthritis in children. J Microbiol Immunol Infect 
2006; 39:342-7.

17.  Jackson CW, Simone JV, Edwards CC. The relationship of anaemia 
and thrombocytosis. J Lab Clin Med 1974; 84:357-68. 

18.  Ahmed SG, Onwukeme KE. Platelet count and its relationship 
to haematocrit in sickle cell anaemia patients in steady state. Nig 
Postgrad Med J 1997; 4:4-6. 

19.  Bonhoeffer J, Haeberle B, Schaad UB, Heininger U. Diagnosis of 
acute haematogenous osteomyelitis and septic arthritis: 20 years 
experience at the University Children’s Hospital Basel. Swiss Med 
Wkly 2001; 131:575-81.

20.  Perry M. Erythrocyte sedimentation rate and C reactive protein in the 
assessment of suspected bone infection--are they reliable indices? J R 
Coll Surg Edinb 1996; 41:116-8.

21.  Razak M, Ismail MM, Omar A. A review of haematogenous 
osteomyelitis in children in Kuala Lumpur Hospital. Med J Malaysia 
1998; 53 Suppl A:83-5.

22.  Gordon-Smith EC, Marsh JCW. Acquired haemolytic anaemias. In: 
Hoffbrand, AV, Catovsky D, Tuddenham, EGD, eds. Postgraduate 
Haematology. 5th ed. London: Blackwell Publishing, 2005. 

23.  Dgebuadze I, Menabde G, Korsantia B, Rigvava S, Apridonidze K. 
Immune status during odontogeneous abcesses and phlegmonas. 
Georgian Med News 2006; 130:44-7.

24.  Cheren’ko MP, Korzhyk NP, Dukhlii LA. [The immune status indices 
of patients with local purulent necrotic lesions].  Klin Khir 1998:30-1. 
Ukrainian.

25.  Nordin U, Wannfors K, Colque-Navarro P, Möllby R, Heimdahl A. 
Antibody response in patients with osteomyelitis of the mandible. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 1995; 79:429-35. 

26.  Bansal VP, Mittal PK, Ashokraj G. Humoral immune responses in 
osteomyelitis. Int Orthop 1992; 16:297-301.

27.  Beard LJ, Ferris L, Ferrante A. Immunoglobulin G subclasses and 
lymphocyte subpopulations and function in osteomyelitis and septic 
arthritis. Acta Paediatr Scand 1990; 79:599-604. 

28.  Eid AM, Issa H, Deif AI. Some immunological aspects of 
staphylococcal haematogenous osteomyelitis. Arch Orthop Trauma 
Surg 1980; 96:221-4.

29.  Abbas AK, Litchman AH. Cellular and molecular immunology. 5th 
ed. Philadelphia: Elsevier Saunders, 2003. 

30.  Bjornson AB, Altemeier WA, Bjornson HS. Changes in humoral 
components of host defense following burn trauma. Ann Surg 1977; 
186:88-96.

31.  Burnett MW, Bass JW, Cook BA. Etiology of osteomyelitis 
complicating sickle cell disease. Paediatrics 1998; 101:296-7.

32.  Jiang H, Wagner E, Zhang H, Frank MM. Complement 1 inhibitor is 
a regulator of the alternative complement pathway. J Exp Med 2001. 
194:1609-16.

33.  Gabay C, Kushner I. Acute-phase proteins and other systemic 
responses to inflammation. N Eng J Med 1999; 340:448-54.

˘


