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Levels of serum alkaline phosphatase (ALP) and the hepatic en-

zyme ALT are used to monitor medication toxicity [1]. ALP is im-

portant in osteoarticular processes because, excluding the liver, 

the highest concentrations of this enzyme can be found in the 

bone [1, 2]. High doses of clindamycin and first-generation 

cephalosporins have cytotoxic effects against osteoblasts in vitro 

[3-5]. The serum concentration of bone-specific ALP reflects 

the cellular activity of osteoblasts, and ALP elevation is encoun-

tered during bone formation or increased bone turnover [2, 6]. 

Furthermore, high ALP concentrations are found under septic 

conditions [2, 6-8]. ALP values are age and gender specific and 

vary throughout infancy and puberty [6]. 

 In our prospective trial in Finland during 1983-2005, we treated 

265 patients (age range, 3 months to 15 years) who had acute 

bone and/or joint infection by using antibiotics at exceptionally 

high doses and sequentially measured ALP and ALT levels [3, 

9-11]. Data collection has been described in previous reports [9-

11]. Briefly, the participants were randomized to receive short-

term (20 days for osteomyelitis and 10 for septic arthritis) or 

long-term (30 days, regardless of manifestations) treatment with 

high-dose clindamycin (40 mg/kg/day divided into 4 equal 

doses, quater in die [four times a day, qid]) or a first-generation 

cephalosporin (150 mg/kg/day qid). The latter division was 

quasi-randomized. Intravenous administration lasted 2-4 days, 

and the course was completed orally with the same dosage. 

Children younger than 5 yr received adjuvant ampicillin or amox-

icillin therapy (200 mg/kg/day qid) until Haemophilus influenzae 

type b (Hib) infection was ruled out [9]. Antibiotic-loaded ce-

ment and beads were not used. Staphylococcal infections were 

similarly treated, even if bacteremia was detected [12]. Only 

culture-positive cases were included in the main study. Children 

with known kidney or liver disease or with another underlying ill-

ness were excluded. Adjuvant dexamethasone therapy was not 

used, whereas non-steroidal anti-inflammatory drugs (NSAIDs) 

were given routinely [13]. Total ALP, ALT, and creatinine levels 

were measured sequentially from blood samples taken on days 

1, 2, 10, 19, and 29. Measurements have been reported as the 

serum concentration in IU/L. Bone alkaline phosphatase (BAP) 

isoenzyme or the liver ALP isoenzyme were not independently 

separated and quantified. The age- and sex-specific reference 

values reported by Turan et al. [6] were used for ALP. For ALT 

levels of children younger than 18 months, our cut-off values 

were 60 and 55 U/L for boys and girls, respectively. For older 

children, the values were 40 and 35 U/L for boys and girls, re-

spectively [14]. Statview (version 5.0.1, Abacus Corporation, 

Baltimore, MD, USA) was used for data analysis. A t-test was 
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used to compute P values. Confidence intervals were calculated 

with the Newcombe method [15]. 

 Staphylococcus aureus was the most common causative or-

ganism (75%, 199/265), followed by Hib (10%, 26/265), Strepto-
coccus pyogenes (9%, 25/265), and Streptococcus pneumoniae 
(5%, 12/265). The median age was 8 yr (interquartile range, 4- 

11 yr). No child developed septic shock. The ALP levels on days 

1, 2, 10, 19, and 29 were 415±13, 368±14, 344±18, 487±18, 

and 510±17 IU/L (mean±standard error of mean [SEM]), re-

spectively. ALP levels for osteomyelitis (N=106) and septic ar-

thritis (N=134) did not differ significantly (P =0.15, 0.95, 0.86, 

0.66, and 0.73 on days 1, 2, 10, 19, and 29 respectively; Fig. 1). 

In osteomyelitis combined with septic arthritis (N=25), the ALP 

level was 346±34 and 422±44 IU/L on days 1 and 29, respec-

tively. High ALP levels, exceeding 750 IU/L (range, 758-939 IU/

L), on admission, were noted in 3 patients. ALP concentrations 

did not differ between clindamycin (N=99) and cephalosporin 

(N=70) recipients (P =0.18, 0.25, 0.09, 0.81, and 0.61 on days 

1, 2, 10, 19, and 29, respectively). Data were similar for Hib pa-

tients treated with ampicillin or amoxicillin on days 1, 2, 10, and 

29. However, on day 19, ALP levels were significantly higher 

among Hib patients; the mean±SEM value was 620±52 IU/L 

compared to those with Staphylococcus aureus (483±21 IU/L) 

or Streptococcus pyogenes (387±17 IU/L) disease (P =0.84, 

0.68, 0.61, <0.05, and 0.87 on days 1, 2, 10,19, and 29, respec-

tively). The mean serum creatinine levels were 55±1, 51±2, 53

±1, 52±1, and 54±1 μmol/L (range, 17-88, 24-94, 28-103, 23-

87, and 17-91 μmol/L, respectively) on days 1, 2, 10, 19, and 29, 

respectively. No cases of kidney failure were observed. Two 

clindamycin recipients developed a rash. 

 Sequential ALP monitoring was continued for a month after 

starting therapy (Fig. 1). ALP levels were significantly higher on 

day 29 than on day 1 (P <0.0001). The same trend was seen in 

culture-negative drop-outs from the main study (N=80) (i.e., 

ALP levels increased from day 1 to 29 [P <0.0001]). In the short-

term treatment groups, minor ALP elevation continued, even af-

ter antibiotic administration was stopped (i.e., osteomyelitis, 465

±28 IU/L on day 19 to 483±36 IU/L on day 29; septic arthritis, 

463±30 IU/L on day 10 to 545±38 IU/L on day 19). ALP levels 

did not differ on day 29 between the short- and long-term treat-

ment groups (P =0.57 and P =0.85 in osteomyelitis and septic 

arthritis, respectively). Elevation beyond 500, 750, and 1,000 IU/

L was observed in 82 (31%), 15 (6%), and 3 (1%) patients, re-

spectively. No serious complications developed in this group, 

but 2 asymptomatic patients with past osteomyelitis showed lytic 

changes on plain radiography. Antibiotic administration was 

changed in 2 cases. ALT levels increased beyond the cut-off 

value in 6 patients but normalized during the follow-up in all pa-

tients, and no patients developed liver or kidney failure. 

 In the previous report, we demonstrated that bacteremia did 

not affect ALP concentrations on admission [11]. After the de-

crease seen during the first few days, a constantly increasing 

ALP curve was seen in the following few weeks, regardless of 

diagnosis, antibiotic administration, and duration of antibiotic 

administration. We suspect that ALP elevation may be part of 

the natural healing process in bone and joint infections. In a re-

cent in vitro study, clindamycin stimulated cell metabolism of 

human osteoblasts at low concentrations and had cytotoxic ef-

fects at higher levels (i.e., 500 μg/mL) [4]. A first-generation 

cephalosporin (cefazolin) has been found to decrease osteo-

blast replication at 200 µg/mL and cause cell death at concen-

trations exceeding 10,000 µg/mL [5]. The in vivo concentrations 

are remarkably reduced; for instance, the cefazolin concentra-

tion normally seen in patients who have osteomyelitis and are 

receiving intravenous cefazolin is 5-13 μg/mL in pus and 3-5 μg/

g in bone [16]. In septic arthritis, the peak concentration is seen 

2 hr after antibiotic administration. For cephalexin, concentra-

tions of 17 μg/mL in serum and 11 μg/mL in joint fluid have 

been reported [17]. In the current study, the increase in the ALP 

concentration was not linked to specific complications (e.g., 
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Fig. 1. (A) Alkaline phosphatase levels in patients with osteomyelitis 
(N=106) versus patients with septic arthritis (N=134). (B) Alkaline 
phosphatase levels in patients given clindamycin (N=99) versus 
first-generation cephalosporin (N=70).
Abbreviation: ALP, alkaline phosphatase.
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clinical sequelae or worsening liver/kidney function). Major ele-

vation occurred in 1% of the patients. The antibiotic treatment 

was changed in only 2 cases of extreme ALP elevation. Admin-

istering exceptionally large doses of reliable time-honored antibi-

otics proved to be a safe and effective strategy in these poten-

tially severe infections. Liver- or kidney-related complications 

were not encountered, even when the ALP level increased 

greatly. Bone formation is initiated by osteoblasts, and this activ-

ity is reflected in the serum concentration of BAP. In the current 

series, there were no significant differences in the ALP levels in 

patients with bone involvement, probably because BAP repre-

sents less than one-fourth of the total ALP concentration [18, 

19]. Furthermore, bone remodeling in osteomyelitis mainly oc-

curs after the acute phase, when the intense inflammatory pro-

cess has passed. ALP activity changes with age, and this also 

affects reference values [6]. A clear limitation of the study was 

that BAP was not analyzed separately from total ALP (nor was 

liver ALP separated). Abnormal levels of ALP isoenzymes may 

be found, even if the total ALP level remains normal [20]. No 

patient went into septic shock, which might have caused high 

ALP concentrations. Our patients originated from a high-income 

country and had no history of underlying illnesses, immunodefi-

ciency, or undernourishment. Furthermore, no cases of infec-

tion with Kingella kingae, Salmonella spp., or methicillin-resis-

tant Staphylococcus aureus strains were detected. All these fac-

tors could have influenced ALP measurements in combination. 

Furthermore, no control population was available, other than the 

reference values available for healthy children [6]. 

 The patients were enrolled prospectively, and no equally large 

dataset is available yet for pediatric bone and joint infections. 

Our results show that, despite the exceptionally high doses of 

antibiotics used in this study, major elevations in ALP are rare 

and have no detectable correlation with adverse events. Minor 

ALP elevation is common in bone and joint infections and does 

not necessitate treatment alteration.
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