
Red Cells Disorders

Leukocyte alkaline phosphatase in Plasmodium falciparum
malaria

We studied leukocyte alkaline phosphatase in malaria
to assess leukocyte defence mechanisms. Twenty-seven
patients with malaria were stratified into two classes on
the basis of disease severity. Fifteen malaria negative
patients were taken as controls. Data showed mild poly-
morphonucleated cell activation, in the absence of cor-
relation with the severity of the malaria.
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The metabolic burst of polymorphonucleated cells (PMN)
is significantly increased in patients with acute malaria, and
it is therefore possible that PMN have a role in defence
against malaria.1 Plasma concentrations of PMN elastase,
myeloperoxidase and lysozyme, and urinary concentrations
of neopterin were found to be elevated in patients with
severe Plasmodium falciparum malaria and to be related to
the severity of the disease.1-4

The enzyme leukocyte alkaline phosphatase (LAP) is locat-
ed in neutrophils.5 LAP increases following PMN activation,
e.g. during infections6 or after stimulation by granulocyte
colony-stimulating factor.7 LAP activity may therefore be
interpreted as a sign of PMN activation. No data concern-
ing LAP in malaria infection are available.

A study was carried out in Mugana hospital in north Tan-
zania in 1997. We enrolled 27 inpatients with malaria (26
children aged 2 months to 6 years and one adult). Clinical
examination was performed to exclude concomitant infec-
tious diseases. Another 15 inpatients, aged 3 to 11 years, in
whom malaria was excluded, were taken as controls (Table
1). The same physician controlled thick and thin blood
smears to make the diagnosis of malaria, and patients were
stratified into two classes on the basis of the percentage of
trophozoites, and the WHO clinical criteria for severe P. fal-
ciparum malaria (Table 1). The group of malaria negative
patients (group 0) was subdivided into a group of malaria
negative/non-infectious patients (group 0a), hospitalized
for minor surgery, minor traumatic disease, malnutrition,
and a group of malaria negative/infectious patients (group
0b), predominantly with acute bronchitis, measles, and
infectious diarrhea. Hemoglobin concentration, LAP score,
differential leukocytic count, and a count of peripheral neu-
trophils containing visible pigment were determined in all
patients.

Blood smears were stained with May-Grünwald–Giemsa

and LAP stains, according to the Kaplow protocol.8 As indi-
cated by the protocol, 100 neutrophilic leukocytes for each
smear were scored from 0 to 4+ on the basis of the inten-
sity of dye precipitation in the cytoplasm. All smears were
read by the same physician, as recommended. The total
score is the sum of the individual 100 cell scores. A normal
LAP value (Kaplow index) is between 60 to 90.

The percentage of trophozoites was determined in May-
Grünwald-Giemsa stained smears by counting all P. falci-
parum plasmodia in 10 homogeneous fields at 1000 X mag-
nification. The percentage of neutrophils containing visible
pigment was determined on the same smears.

The results are presented in Table 1. A correlation between
mean LAP value and body temperature was observed only
for malaria negative/infectious patients, whereas normal or
slightly increased LAP values were observed in patients
admitted for other diseases. No correlation between LAP
values and severity of malaria was observed. A significant
increase in PMN percentage was observed only in the group
of septic patients; whereas in the overall study population
relative neutropenia was more frequent. When the patients
were stratified on the basis of age instead of the WHO
severity criteria, still no correlation was noted between LAP
score and age.

PMN activation has been postulated to occur in malaria
infection on the basis of plasma concentrations of
myeloperoxidase, lysozyme,3 and elastase .2 As eosinophil
and monocyte/macrophage populations, all of which show
myeloperoxidase activity, are activated during malaria infec-
tion, specific activation of PMN is difficult to infer on the
basis of the plasma enzyme levels alone. High myeloperox-
idase levels in association with elevated lysozyme and
neopterin  levels could be ascribed to monocyte/macrophage
activation.4 Plasma elastase levels could also be ascribed to
cells other than PMN.

LAP values, however, do appear to be a valid indicator of
PMN activation, and could, therefore, be useful for deter-
mining the true degree of PMN activation, as the quantifi-
cation is made directly within the cells.

Our data clearly show that even though mild PMN acti-
vation occurs during malaria, there is no correlation
between PMN activation and the severity of the malaria.
Cellular activation thus appears aspecific and could be
attributed to one or more cytokines normally present dur-
ing the malaria infection. Absence of major PMN activation
in malaria could be ascribed to parasite phagocytic sup-
pression mechanisms or, alternatively, to the fact that PMN
are only marginally involved in the control of malaria, while
monocytes are much more critical in this disease. Perhaps
significant recruitment of PMN only occurs in very severe
forms of malaria. LAP values could be influenced by body
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Table 1. Characteristics of patients and controls.

Age Sex Temperature Parassitemia PMN % Hb Impaired LAP 
(M/F) (°C) % g/dL consciousness score

Group 0 6.6±2.47 9/6 (a) 37.1±0.9 (a) 0 (a) 56 13.2±1.5 0 % (a) 78±16
(b) 38.7±0.52 (b) 0 (b) 83 (b) 327±41

Group 1 5.2±3.1 5/4 37.2±0.78 0.8±0.25 57 12.5±1.8 0 % 166±18
Group 2 3.2±2 11/7 38.8±1.04 2.7±0.47 46 6.6±2.1 22 % 176±z5

Parassitemia: mean percentage of red blood cells containing Plasmodium falciparum trophozoites; all results are expressed as mean ± standard deviation. Group 0 is
constituted of a group of malaria negative/non-infectious patients (sub-group a) and a group of malaria negative/infectious patients (sub-group b).

     



temperature, but within the group of patients with malar-
ia no correlation was observed with body temperature.
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Acute Myeloid Leukemia

Molecular monitoring to identify a threshold of
CBFβ/MYH11 transcript below which continuous complete
remission of acute myeloid leukemia inv(16) is likely 

Many patients with the inv(16) positive acute myeloid
leukemia (AML) achieve complete remission (CR). Using
real-time reverse transcriptase polymerase chain reaction
(RT-PCR), we previously proposed critical CBFβb-MYH11
transcript copy number thresholds to predict relapse or
cure. We now update the molecular follow-up of our
patients, also presenting the therapeutic management of
these patients.

haematologica 2004; 89:495-497
(http://www.haematologica.org/journal/2004/4/495)

We extend the molecular follow-up of 17 patients with
inv(16) acute myeloid leukemia (AML) for whom cytogenetic
and molecular follow-up data are available, dividing the group
into those who relapsed and those who have not. Having
monitored the expression of CBFβ-MYH11 during the follow-
up we establish a value below which continuous complete
remission is likely.

Although the outcome of AML is predominantly related to
age,1 it is of prime importance to distinguish subgroups of
patients with different risks of disease. Cytogenetic analysis
at diagnosis is generally considered the single most valuable
prognostic factor in AML;1,3 in particular, patients with t(8;21),
t(15;17), or inv(16) were found to have a relatively favorable
prognosis.2,3 In the case of acute promyelocytic leukemia,
molecular monitoring of minimal residual disease (MRD) sta-
tus by qualitative or, preferably, quantitative  real time PCR
(RQ-PCR) analysis of the PML-RAR transcript can provide a
suitable tool for predicting relapse and offering indications for
allogeneic transplantation.3 In the case of inv(16) positive
AML the prognostic significance of the different levels of
CBFβ-MYH11 transcript copy number  in monitoring MRD
remains to be defined.4

To provide further information on the threshold of CBFβ-

MYH11 transcript copy number above which relapse occurs
and below which continuous complete remission (CR) is like-
ly, in the present work we update the follow-up analysis of our
series of patients5,6 with inv(16)-positive AML patients treat-
ed with different therapies (one cycle of induction therapy and
one or two cycles of consolidation therapy, autologous bone
marrow transplantation in 13 patients and allogeneic bone
marrow transplantation in 3 patients). The clinical data are
summarized in Table 1.

All 17 patients underwent molecular and cytogenetic
analysis during the follow-up. Samples of bone marrow
(n=201) and peripheral blood (n=6) were collected for rou-
tine care of the patients. All RQ-PCR experiments were per-
formed at least in triplicate. Since January 2000, we also
applied the same RQ-PCR conditions and protocol for the
CBFβ/MYH11 fusion transcript as those currently recom-
mended by the European Concerted Action (EAC) of stan-
dardization of fusion transcripts in AML patients (i.e. CBFβ-
MYH11 per 104 copies of transcript copy numbers normal-
ized to the ABL housekeeping gene). Comparisons of the
CBFβ-MYH11/ABL ratios at diagnosis, relapse and during
treatment and CR were performed by the Kruskal-Wallis
test. The χ2 test was used for binary variables. All analyses
were performed using the SPSS software package (SPSS Inc.,
Chicago, IL, USA).

Fifteen patients are currently alive (88%) either in first CR
(n=12, 70.5%) or second CR (n=3, 17.6%). The response rate
after induction therapy was 100%. Four patients of the sev-
enteen (29%) had a relapse but three (11%) went on to
achieve a second CR lasting >36 months. The median over-
all survival (OS) was 62 months (range 37-140)  with medi-
an disease free survival (DFS) in 1st or 2nd CR being 56 months
(range 36-109).

We retrospectively analyzed the CBFβ-MYH11/ABL ratios
of peri-/post-treatment samples from 17 patients using RQ-
PCR. The 17 patients were divided into non-relapsing and
relapsing subgroups. All ratios <12 (minimum, 0) obtained
during or after treatment (n=101) belonged to patients who
have continued to remain in long-term CR without relaps-
ing. By contrast, all ratios >25 (maximum, 710) obtained
during or after treatment belonged to patients who went on

                                       




