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ABSTRACT
Background: Anemia is the first hematologic sign that points to several pathologies. In our context, anemia is always linked to starvation or malaria. Well-conducted treatment regimens do not always lead to healing and many questions still remain unanswered. The myelogram which is a laboratory examination  used to determine the etiology of  these  pathologies is very under demanded. This study demonstrates the contribution that the myelogram can make in the diagnosis of bacterial  parasitological and haematological pathologies to index the pathologies diagnosed by bone marrow examination in a hematology-oncology Unit.
Methodology: We conducted a retrospective and descriptive study on a ten-year study period (January 1st , 2007 to December 31st , 2016) in the hematology-oncology Unit of the Mother and Child Center of the Chantal Biya Foundation. We included all patients admitted to this service and for whom a bone marrow examination was carried out at the biological hematology laboratory of the Robert Debre Paris Hospital for Children. 

Results: At the end of the data collection, 299 bones marrow examinations were performed. The most represented age group was 6 -11 years, 34.50%. The main indications   for myelogram according to frequency were: abnormalities of the Complete Blood Count (CBC); 36.61%, extension workup for malignant pathologies; 24.64%, follow up of chemotherapy; 23.23% and the diagnosis of malignant hemopathy 15.49%. The most common diagnoses were malignant diseases (47.49%). Acute lymphoid leukemia (ALL) was predominant at 16.04% followed by acute myeloid leukemia (AML) at 8.35%. Malaria was the most common benign pathology; 3.01%, followed by medullary aplasia; 3.01%. In 27.42% of the cases examined, the bone marrow was normal, but in 8.69% interpretation was not possible mainly due to  blood dilution of the medullary  specimen. 
  Conclusion: Bone marrow examination has definite contributions in diagnostic orientations of the child. 
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RÉSUMÉ 
Contexte: L'anémie est le premier signe hématologique qui pointe vers plusieurs pathologies. Dans notre contexte, on rattache l'anémie de l’enfant a la carence nutritionnelle ou au paludisme. La prise en charge de la malnutrition et du paludisme ne conduit pas toujours à la guérison et de nombreuses questions restent encore sans réponse. L’examen du prélèvement de la moelle osseuse au laboratoire permettant de déterminer l'étiologie de plusieurs pathologies hématologiques est très peu demandé. Cette étude démontre la contribution que le myélogramme peut apporter au diagnostic des pathologies hématologiques.
Méthodologie: Nous avons mené une étude rétrospective et descriptive sur une période d'étude de dix ans (du 1er janvier 2007 au 31 décembre 2016) à l'unité d'hématologie-oncologie du Centre mère-enfant de la Fondation Chantal Biya. Nous avons inclus tous les patients admis dans ce service et pour qui un examen de la moelle osseuse a été effectué au laboratoire d'hématologie biologique de l'Hôpital Robert Debré pour enfants de Paris.
Résultats: À la fin de la collecte des données, 299 examens de la moelle osseuse ont été effectués. Le groupe d'âge le plus représenté était celui des 6 à 11 ans, soit 34,50%. Les principales indications du myélogramme en fonction de la fréquence étaient les suivantes: anomalies de la formule sanguine complète (CBC); 36,61%, bilan d'extension pour pathologies malignes; 24,64%, suivi de chimiothérapie; 23,23% et le diagnostic d'hémopathie maligne 15,49%. Les diagnostics les plus fréquents étaient les maladies malignes (47,49%). La leucémie aiguë lymphoblastique (LAL) prédominait à 16,04%, suivie de la leucémie aiguë myéloblastique (LAM) à 8,35%. Le paludisme était la pathologie bénigne la plus courante 3,01%, suivi d'une aplasie médullaire; 3,01%. Dans 27,42% des cas examinés, la moelle osseuse était normale, mais dans 8,69% des cas, l'interprétation n'était pas possible, principalement en raison de la dilution du sang dans le spécimen médullaire.

  Conclusion: L'examen de la moelle osseuse apporte une contribution certaine aux orientations diagnostiques de l'enfant.

Mot clé: examen de la moelle osseuse, enfants, diagnostic, indication, leucémie.

Background 
Hematological disorders of children in Cameroon are dominated by bacterial, viral or parasitic infections [1]. Anemia is the main hematological sign with a prevalence of 88.5% in children [2].  Investigations on anemias of children are limited to the findings of infectious diseases, iron deficiency, complete blood count and the search  for hemoglobinopathies. Therefore, only few causes of anemia are investigated. In pediatric emergency Units, the mortality rate linked to anemia remains high in our setting,  standing at 4.0% [3, 4]. Thus, the persistence of high mortality rate linked to anemia after blood transfusions and treatment of well-managed infections, have led to the suspicion of other causes of anemia from where the realization of bone marrow examination has become more frequent [5]. Bone marrow examination is a cytological examination, permitting the qualitative and quantitative analysis of hematopoietic medullary cells which  was introduced in the work of Arinkin in 1927, and has evolved until our days [6.7]. It is a very important laboratory test for the diagnosis of hematological and non-hematological pathologies and the classification of certain hematological pathologies. Bone marrow examination is very  unpopular in Cameroon, the objective of this work was to index the pathologies diagnosed by this laboratory test in a haemato-oncology Unit. To our knowledge, this is a first study done on the subject in our setting.
I. Materials and methods

We conducted a retrospective descriptive study at the Hematology-oncology Unit of the Mother and Child Center of the Chantal Biya Foundation in Yaoundé. Over a period of ten (10) years from January 1, 2007 to December 31, 2016.

We included all children who had a bone marrow examination done and results recorded. We only retained the bone marrow examination read at the Centre Pasteur du Cameroun in Yaoundé and confirmed at the Hôpital Universitaire Robert Debré in Paris, France. 

From the files, we filled out data sheets which had the anthropometric, clinical and biological data of the patients, the various indications of bone marrow examination and the final diagnoses. 
Bone marrow examination was done with local anesthesia at the anterior superior iliac spine in children and the anterior tibial tuberosity in infants, then colored with May Grunwald Giemsa.
The study of myeloperoxidase was systematic, other colorations were made according to the diagnostic request. The data was analyzed using Microsoft's software epi info 7 for Windows where a descriptive statistical analysis was done on the basis of the frequencies and averages obtained.
II. Results

A total of 299 bone marrow examinations were performed during the study period with 142(47,49%) physical files found. The mean age was 8.27±4.17 years among which 75 (53%) were males, with a sex ratio of 1.11. The minimal age was 3 months and the maximum, 17 years. The most represented age group was 6-11 years (34.50%). 
The main indications of bone marrow examination are summarized in Table 1. Complete blood count abnormalities were the most frequent indication 52 (36.61%), mainly peripheral blastosis 21 (40.38%), followed by pancytopenia 16 (30.76%) and bicytopenia 15 (28.84). The second indication was malignant pathology extension assessments 35 (24.64%), followed by remission assessment report of leukemia in 33 cases (23 ;23%) and suspected malignant hemopathies 22 (15.49%). Of the 299 examined slides, 27.42% were normal. Hematological malignancies accounted for 43.81% (131) of the pathologies, dominated by acute lymphoblastic leukemia 49 cases (16.04%). Infectious diseases represented 3.67% or 11 cases dominated by malaria. We had 17 (5.68%) cases of hematological pathologies, the most represented being bone marrow aplasia 9 (3.01%) cases. In 26 (8.69%) cases, the bone marrow analysis was impossible to interpret. The leading cause being the high blood dilution of the medullary specimen (57.69%), the illegible slides 8 (30.76%) and the absence of  bone marrow particles 3 (11.53%). In 82% of the cases, according to its indication, bone marrow examination contributed to confirming the final diagnosis (Table 2).
Table 3 shows the bone marrow examination diagnoses in relation to the indications. This reveals that bone marrow examination indicated anomalies of complete blood count, the main diagnoses being acute lymphoblastic leukemia at 32.69% (17) and acute myeloid leukemia at 28.84%. The bones marrow examination indicated in the assessment of extension of  malignant pathologies, 56.25% were normal. For those performed during a remission assessment report of leukemia, 53.12% were in complete remission. For suspicions of hematological malignancy, mainly acute lymphoblastic leukemia was found at 22.27%. The bone marrow was normal in 11.53% of indications for abnormal complete blood count, 6.06% for the evaluation of remission assessment of leukemia and 22.27% for suspected malignancy. It was uninterpretable in 9.60% of indications for abnormal complete blood count, 17.14% during the assessment of extension of malignant pathology, 9.09% during the evaluation of remission assessment of leukemia and 13.67% for suspected malignancy. Malaria was found in 3.84% of cases of indication for abnormal complete blood counts, 5.71% during the assessment of the extension of malignant pathologies, and 9.09% of suspicion of malignancy.
V. DISCUSSION

Hematological pathologies are not rare in our environment. The main objective of our study was to identify the diagnoses obtained from bone marrow examination in a reference pediatric hospital.
Abnormalities of the complete blood count were the most frequent indication of bone marrow examination in our study. Peripheral blastosis 21 (40.38%) followed by pancytopenia 16 (30.76%) and bicytopenia 15 (28.84%). Acute leukemia is defined by the presence of blast cells in the blood. In the study, peripheral blastosis was one of the main anomalies that alarmed practitioners. Indeed, other indications of bone marrow examination: pancytopenia and bicytopenia, were most often associated with iron, folic acid or vitamin B12 deficiencies, delaying the indication of bone marrow examination [8]. It was often after supplementation and absence of a favorable response that led to the carrying out a bone marrow examination which in the study, found mainly leukemia as diagnosis. Likewise, the study of Khan et al. (2012) in Pakistan found leukemia as the main diagnosis in bone marrow examination, 90 (32.20%) cases represent complete blood count abnormalities [9].

The complete blood count is most often abnormal in acute leukemia and shows cytopenia affecting one or more cell lines. However, it can be discrete in fast evolving forms where the hemoglobin remains above 10 g / l or the platelet count can still be normal [10]. In the study of Sreedharanunni et al. in India, cytopenia as in our study was the main indication of bone marrow examination 82 (27,60%) [7, 11, 12]. Bicytopenia, particularly thrombocytopenia and anemia, was an indication of bone marrow examination. In children, bleeding due to thrombocytopenia can lead to secondary anemia. The leading cause of thrombocytopenia in children is immunologic thrombocytopenic purpura. The only treatment possible in our setting is corticosteroid therapy, which requires a bone marrow examination, before starting the treatment to eliminate acute leukemia or bone marrow suppression [13]. Any pancytopenia associated with normochromic normocytic anemia, neutropenia, and thrombocytopenia is a formal indication of bone marrow examination. In our  setting, anemia is most often associated with iron deficiency, with a prevalence of 54.21% [14, 15]. Thus, pancytopenia is often associated with hypochromic microcytic anemia, which may delay the indication of the myelogram and promote supplementation in children.
Another indication of bone marrow examination was the extension workup for hematological malignancies to determine the stage of evolution on one hand, and sometimes differentiate leukemias from lymphomas on the other hand. The presence of malignant cells in the marrow determines stage 4. In this work we did not find Hodgkin's disease which is however a disease found in the unit. This is explained by the fact that its diagnosis and treatment protocols do not take into account bone marrow examination. For patients arriving at advanced stages with large lymphadenopathies, only lymph node biopsies are made. Bone marrow biopsies are not performed for lack of equipment. Bone marrow examination was also indicated at the end of treatment induction to determine complete remission. It helps determine whether to continue the treatment depending on the stage or to pass on to a second line treatment in the absence of complete remission. It is done between the 35th day and the 42nd day on a healthy child and  permits to see the persistence or not of blast cells in the bone marrow. In our study, we had 25 (8.36%) cases of complete remission.
From the indications, the various results found show that in 82 cases (27.42%) bone marrow examinations were normal, which is close to the data of Bashawri et al. [16] who obtained 694 (38.30%) of normal bone marrow in their series. In our 26 series (8.69%) medullary specimen were impossible to interpret because of significant blood dilution. As in the series of Bashawri et al. [16] which found 175 (9.70%) bone marrow slides impossible to interpret due mainly to the blood dilutions of the medullary specimen.
Among the diagnoses found, malignant pathologies accounted for 47.49% of diagnoses, acute leukemia was the most frequent with 75 (25.08%) cases. The principal one being acute lymphoblastic leukemia (ALL) ,49 (16.04%) cases, which is the most common leukemia in children [7].  This data is different from those of Rahim et al. and Gandapur et al., who despite having ALL as the most common malignant pathology, 76 (17.29%) and 44 (28.70%), respectively, had a predominance of benign pathologies in their series, 309 (72.90%) and 417 (73.20%) respectively [17,12,18]. This difference can be explained by the fact that our study was conducted in a hematology-oncology Unit. In 8 (2.68%) cases, the marrow was infiltrated by extra hematopoietic cells. The presence of these extra hematopoietic cells makes it possible to evaluate the extension of the tumor and its classification, especially with children.
An important finding was the presence of infectious germs. Leishmanies and Malaria were found in bone marrow examination in this study in 9 (3.01%) cases [Figures 1 & 2], this was never found in our environment in the bone marrow. This shows that plasmodium can also be found in the bone marrow and cause hematological abnormalities. The treatment of malaria in these cases has overshadowed the diagnosis of leukemia. But the presence of plasmodium in bone marrow examinations is not rare. Gundapur et al. in India found 3 (0.72%) cases of malaria in their series [12]. We also found a case of parvovirus B19 erythroblastopenia [Figures 3 & 4]. The diagnosis excluded leukemia in a child who had recurrent anemia for which he had received several blood transfusions. It is an undiagnosed pathology in common practice in our environment. In our series, medullary aplasia was found at 3.01% in 9 cases. Bone marrow examination in these cases was indicated in  a setting of several transfusions of  packed red blood cells or platelet and made it possible to obtain the diagnosis. Bone marrow biopsy is not performed in current practice in our environment. Ouattara et al. in Ivory Coast found 3.16% of medullary aplasia in bone marrow examination [19].
In 116 (82%) of the cases the bone marrow examination, according to its indication, contributed to the final diagnosis. This rate is comparable to the findings of Bashawri et al. [16] who had a significant association between diagnostic orientation and myelogram findings.
CONCLUSIONS
Bone marrow examination is very important in the diagnosis and evaluation of hematological disorders. This work shows the contribution of bone marrow examination in the diagnosis  of hematological and non-hematological pathologies. Bone marrow examination  eliminates some serious non-hematological pathologies that  have a curative treatment. But it also helps in the diagnosis of non-suspected infectious diseases with hematological manifestations such as viral erythroblastopenia, leishmaniasis, which are not so rare, yet very little mentioned in current practice.  Finally, this study found acute lymphoblastic leukaemias as the most common diagnosis.
LIST OF ABBREVIATIONS

	ALL
	:
	Acute lymphoid leukemia 

	AML
	:
	Acute myeloid leukemia 


CBC        :    Complete Blood Count
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Table 1: Summary of the main indications of the myelogram

	Indications of bone marrow examination
	number

(N=142)
	Frequence

(%)

	Abnomality of bone marrow indication

           Peripheric blastosis 

           Pancytopenia
           Bicytopenia

Malignant Pathology Extension assessment  

          Extension of burkitt’s lymphoma

          Extension of lymphosblastic’s lymphoma

          Extension of other tumor

remission assessment report of leukemia
       Chemotherapy of ALL

      Chemotherapy of AML

Suspicion of  malignant hemopathies

          lymphoprolifératif syndrome

          acute leukemia
	52

21

16

15

35

16

15

4

33

32

1

22

13

9
	36,61

40,38

30,76

28,84

24,64

45,71

42,85

11,42

               23,23

96,96

3,03

15,49

59,09

40,90


Table 2:  Summary of  the  main results  obtained on bone marrow examination

	Diagnostics on bone marrow examination
	Numbers
(N=299)
	 Frequences
(%)

	Malignant hemopathy
   acute lymphoblastic leukemia

   acute myeloid leukemia

   cytologic remission of leukemia

   Burkitt lymphoma

   Absence of leukemia remission 

   Relapse of leukemia

   anaplastic lymphoma 

   complex leukemia
   chronic myeloid leukemia 

   acute leukemia with mixed phenotype  
hematologic pathologies 

   medullar aplasia 
   Dyserythropoïèsis

   Macrophagic activation syndrome 

   Hemoglobinopathy

Infectious pathologies 

  Malaria

  Parvovirus B19 Erythroblastopenia 
  Leishmaniasis

Other  diagnoses
 Normal bonne marrow 

 Marrow impossible to interpret

 Abnormal bone marrow (nonspecific)

 Invasion of extra hematopoietic cells 

 Medullar invasion by blasts 

 Medullar degeneration (malnutrition)  
	131

49

25

25

9

8

5

4

3

2

1

17

9

4

2

2

11

9

1

1

140

82

26

18

8

3

3
	43,81

16,04

8,35

8,36

3,01

2,68

1,67

1,34

1,00

0,67

0,33

5,68

3,01

1,34

0,67

0,67

3,67

3,01

0,33

0,33

46,82

27,42

8,69

6,02

2,68

1,00

1,00


Table 3: Relation between the indication and the bone marrow examination  diagnosis  

	
AL: acute leukemia   AML: acute myeloid leukemia

 ALL: acute lymphoblastique leukemia


Bone marrow examination  diagnosis�
Comple blood count abnormalities








(N=52)


n(%)�
Assessment of extension  of malignant pathologies 





(N=35)


n(%)�
remission assessment report of leukemia





 (N=33)


n(%)�
Maligns hemopathies








(N=22)


n(%)�
�
ALL


AML


Abnormal bone marrow


Normal bone marrow


malaria


Remission of leukemia


Relapse de ALL


Invasion of bone marrow (lymphoblastic)


Absence de remission 


ininterpretable exam


AL   mixted phenotyp


anaplasic lymphoma


lymphoid lymphoma


burkitt lymphoma


medullar aplasia


complex leukemia�
17(32,69)


15(28,84)


1(1,92)


6(11,53)


2(3,84)


00


1(1,92)





2(3,84)


00


5(9,60)


1(1,92)


00


00


00


1(1,92)


1(1,92)�
5(14,28)


00


2(5,71)


18(51,42)


2(5,71)


00


00





1(2,85)


00


6(17,14)


00


1(2,85)


1(2,85)


1(2,85)


00


00�
1(3,03)


1(3,03)


00


2(6,06)


00


17(53,51)


2(6,06)





1(3,03)


6(18,18)


3(9,09)


00


00


00


00


00


00�
5(22,27)


1(4,54)


1(4,54)


5(22,27)


2(9,09)


00


1(4,54)





1(4,54)


00


3(13,63)


00


1(4,54)


00


2(9,09)


00


00�
�
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