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Abstract 

Fresh frozen plasma (FFP) remains the only treatment of bleeding events in some developing countries. But access to 

this blood derived-product could be difficult. Determined the concentrations of coagulation factors VIII, IX and 

fibrinogen used in Mali. We have determined prospectively the concentrations of these factors from October 2015 to 

February 2016 in the FFP bags produced and distributed by the National Blood Transfusion Center (NBTC) in Mali. 

The assays were performed in the laboratory of medical biology in Hôpital du Mali (Bamako, Mali) using a semi 

automaton BioSolea4. Mean volume of 342 analyzed blood bags was 249.5 ± 42.7 mL (range: 130 - 374.4). Mean 

concentration of factor VIII was 0.4 ± 0.4 IU/mL (0.02-3.56 IU/mL), of factor IX 0.3 ± 0.2 IU/mL (0.05-1.5 IU/mL) and 

of fibrinogen: 2.6 ± 0.8 g/L (0.2- 4.8 g/L). As expected, concentration of factor VIII of the O group donors was lower 

than in other blood groups (0.3±0.3 vs 0.4±0.5 IU/mL) (p=0.009). Similar results were obtained with rhesus positive 

blood bags donors compare to those from others blood groups (0.3±0.3 vs 0.4±0.4 IU/mL) (p = 0.001).  

Conclusion: Concentrations of coagulation factors in the FFP bags produce by NBTC are 1.6 fold lower for factor VIII, 

and 2.3 fold for factor IX than in other countries. We suggest that the production and distribution of cryoprecipitate 

could be improved for the effective management of bleeding events in resource-limited countries with no access to 

specific concentrate coagulation factor. 
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Abbreviations: FFP: Fresh Frozen Plasma; NBTC: 
National Blood Transfusion Center; SD: Standard 
Deviation  

 
 Introduction  

     The management of inheritance or acquired bleeding 
diseases is a real challenge in resource-limited 
countries [1-3]. The recent epidemic of Ebola Virus in 
West Africa has highlighted this difficulty [3,4]. The lack 
of mechanism for the management of hemorrhagic 
diseases could explain the high lethality associated to 
this epidemic. Indeed, the presence of hemorrhage is 
considered as a pejorative prognostic factor in a patient 
with Ebola Virus disease [4]. 
 
     In obstetric context, post-partum hemorrhage is the 
leading cause of maternal mortality in resource-limited 
countries [5] specifically in Mali, [6-9]. Despite efforts of 
Malian health authorities such as subvention for 
caesarian, maternal mortality rate is estimated to 464 
deaths per 100,000 births and remains one of the 
highest in the world [10,11]. 
 
     Causes of hemorrhage are various. They may be 
congenital such as inheritance deficiencies in 
coagulation factors (ex: factor VIII, von Willebrand 
factor, etc.) or acquired in sepsis with intravascular 
coagulation, hepatic disease. Whatever the cause, 
management of bleeding is a life-threatening 
emergency. Treatment includes administration of 
concentrates for specific clotting factor, hemostatic 
drugs such as ethamsylate (which increase capillary 
endothelial resistance and promote platelet adhesion), 
antifibrinolytic drugs (tranexamic acid) and fresh 
frozen plasma (FFP) [12-14]. Considering, its 
composition, FFP appears to be an efficient alternative 
to manage hemorrhagic episodes in hemophilic patients 
or in other coagulation proteins deficiency such as 
fibrinogen as no specific concentrate is available. 
Cryoprecipitate is a concentration of FFP with a high 
level of concentrate clotting factors. Unfortunately this 
product is not available in our country. In some 
emerging countries such as our country, FFP is the only 
source of clotting factors for the management of 
bleeding events. But access to FFP will be increasingly 
difficult due to the lack of regular and secured donors 
and the increasing need. The goal of our study is to 
determine the mean concentration of factor VIII, IX and 
fibrinogen in FFP bags produced and distributed by the 
National Blood Transfusion Center (NBTC) and used in 
our institution (Hôpital du Mali, Bamako, Mali). 
 
 
 
 

Material and Methods  

Study Design and Data Sources 

     We conducted a prospective monocentric and 
observational study from October 2015 to February 
2016. Plasma was prepared at the NBTC in Bamako, 
Mali. Plasma sample was collected after centrifugation 
of whole blood at 4000 g during 12 minutes at 200C 
using an large capacity refrigerate centrifuge KR4i 
device (Thermo Scientific TM). Volumes of bags were 
determined after separation using weighing balances 
(Sartorius, Germany) before freezing. To prevent 
damage bags, we collected a sample after homogeny 4.5 
mL of plasma before clamping and freezing. The 
samples were analyzed in the laboratory of medical 
biology in Mali hospital (Hôpital du Mali, Bamako, Mali).  
 
     Coagulation tests were performed in a maximum of 3 
hours after collection on a semi-automaton Bio Solea-4 
with STA® PTT Automate 5 (Stago, France), STA® 
Owren Koller (Stago, France) and 0.025M calcium 
chloride solution (Stago, France). Determination of 
factors VIII, IX, fibrinogen concentrations were 
performed using STA® Immunodef VIII (Stago, France), 
STA® Immunodef IX (Stago, France), Fibri Prest® 
Automate 5), respectively. Results were expressed in 
UI/mL for factors VIII and IX and g/dL for fibrinogen 
 

Statistical Analysis 

     Volume was determined in mL in all bags. Mean 
volume was calculated using the summarized volume 
divided per number of bags. Mean concentration of 
coagulation factor was obtained as follows: 
concentration/volume of the bags. All results were 
expressed as mean ± standard deviation (sd) and range 
between minimum and maximum values.  
 
     Comparison between groups was performed using 
Mann-Whitney test for continuous variables with non-
Gaussian distribution and Student t test for Gaussian 
distribution and using Chi square test for categorical 
variables. A P value ≤ 0.05 was considered statistically 
significant. All statistical analyses were performed using 
the SPSS 17.0. 
 

Results 

     From October 2015 to February 2016, 342 bags of 
FFP were analyzed. Mean bag volume was 249.5 ± 42.7 
mL (range: 130 - 374.4 mL). All 342 bags were tested 
for infectious disease (HIV, Hepatitis B and C and  
 
 



 Haematology International Journal 

 

Diallo Yacouba L, et al. Determining Concentrations of Factors VIII, IX and 
Fibrinogen in Fresh Frozen Plasma: An Alternative to Improve Treatment 
of Hemorrhagic Diseases in a Developing Country. Haematol Int J 2017, 
1(2): 000109. 

                                   Copyright© Diallo Yacouba L, et al. 

 

3 

Syphilis). Mean concentration of coagulation factors 
VIII, IX and fibrinogen, blood group ABO and rhesus, 
were determined in all samples.  
 

Concentration of Factor VIII in FFP 

     Mean absolute value of factor VIII was 96.1 ± 90.7 IU 
(5 - 645 IU). One hundred fourteen bags had less than 
50 IU and it varied between 50 and 150 IU in 49% of the 
bags. It was over 150 UI in 17.6% of the bags (Figure1). 
Mean concentration of factor VIII bags was 0.4±0.4 
IU/mL (range: 0.02 - 3.56 IU/mL) and 83.3% of the bags 
had less than 0.7 IU/mL and 05.8% had more than 1 
IU/mL (Figure 2).  
 

 

Figure 1: Samples repartition using the absolute value 
of coagulation factors VIII and IX.  
  

 

 

Figure 2: Sample repartition using the mean 
concentration of coagulation factors VIII and IX.  
 
 

Concentration of Factor IX in FFP  

     Of the 342 bags tested, mean value of factor IX was 
67.1 ± 39.3 IU (10 - 359 IU), 242 bags had less than 70 
IU, 25.4% had varied between 70 and 120 IU, and9.6% 
had less than 70 IU (Figure 1). Mean concentration of 
factor IX by bag was 0.3±0.2 IU/mL (range: 0.05 - 1.5 
IU/mL) and 97% of bags had less than 0.7 IU/mL 
(Figure 2). 
 

Concentration of Fibrinogen in FFP 

     Mean concentration of fibrinogen was 2.6 ± 0.8 g/L 
(range: 0.2 - 4.7 g/L), 22% had less than 2 g/L and the 
concentration varied between 2 and 4 g/L in 76.8%) of 
the bags. Only 4 bags (1.2%) had more than 4 g/L.  
 

Determination of Immunological and 
Hematological and Infectious Profile in FFP 

     Group repartition was as follows: 41.7% of the bags 
were of O group, 29.5% of B group, 22.7% of A group, 
and 6.1% of AB group. Table 1 summarizes distribution 
of bags according to ABO and rhesus group. 
 

Groups 
Nb of bag number of 

bags (% of total) 
Rhesus Nb of bags 

O 143 (41.7) 
Positive 131(96.6) 
Negative 12 (08.4) 

B 101(29.5) 
Positive 97(96) 
Negative 04 (04) 

A 78 (22.7) 
Positive 72 (92.3) 
Negative 06 (07.07) 

AB 21 (06.1) 
Positive 20 (95.2) 
Negative 01(04.08) 

Table 1: Summarizes of bags distribution by blood 
group (ABO-Rh). 
 
     Concentration of factor VIII of the O group donors 
was lower than in other blood groups (0.3±0.3 vs 
0.4±0.5 IU/mL) (p=0.009). Similar results were 
obtained with rhesus positive blood bags donors 
compare to those from others blood groups (0.3±0.3 vs 
0.4±0.4 IU/mL) (p = 0.001). No difference was observed 
with factor IX and fibrinogen. 
 

Qualifying Tests for Infectious Diseases 

     Of the 342 bags analyzed, 66 bags (19.3%) were not 
qualified for distribution due to an infection risk. 48 
bags (14.3%) were contaminated by hepatitis B, 14 bags 
(4.1%) by hepatitis C, 8 bags (2.3%) by HIV, and one 
bag (0.3%) by syphilis. Five cases of co-infection were 
also observed: 3 cases by HIV+Hepatitis B and 2 by 
Hepatitis B+C (Table 2). 
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     We did not found any correlation between HIV, 
hepatitis and syphilis infections and concentrations of 
different coagulation factors.  
 

Diseases 
Results number of bags (% of total) 

Negative Positive 

Syphilis 342(99.7) 01(0.3) 

HIV 335(97.7) 08(2.3) 

Hepatitis C 329(95.9) 14(4.1) 

Hepatitis B 294(85.7) 48(14.3) 

TOTAL* 276(80.7) 66(19.3) 

*:Co-infection HIV+Hepatitis B: 03/66 (4.5%), Hepatitis 
B+C: 02(3%). 
Table 2: Bags distribution according to the results of the 
infectious diseases tests qualifications. 
 

Discussion  

     The aim of this study is to contribute to the 
improvement of management of patients with 
congenital or acquired hemorrhagic diseases in Mali. In 
the present study, we determined concentration of 
factor VIII, IX and fibrinogen in FFPs bags produced and 
distributed by NBTC and used in the Mali hospital 
(Hôpital du Mali, Bamako, Mali), before freezing. We 
compare FFP concentration to clotting factors reported 
in France and the literature. FFP is a labile blood 
product with numerous and varied indications in 
current medical practice [12,13,15,16]. In developing 
countries in Africa, FFP remains the only source of 
clotting factors available for the management of 
hemorrhagic diseases such as hemophilia and other 
bleeding diseases [1,16].  
 
     In our study, we included 342 bags produced by 
NBTC of Bamako. Plasma was prepared by 
centrifugation using a high capacity refrigerate 
centrifuge. After this separation plasma samples from 
bags was collected before freezing and tested in our 
laboratory to determine the concentration in factor VIII, 
IX and fibrinogen. We used coagulation method to 
determine means concentrations of factors VIII, IX and 
fibrinogen using semi automaton. This method has the 
advantage of be easily accessible and cheaper in 
resource-limited countries. In this study, mean 
concentrations were respectively 0.4±0.4 IU/mL for 
factor VIII, and 0.3±0.2 IU/mL for factor IX. Our values 
are lower than mean concentrations of factors VIII and 
IX, reported in the literature [12,17,18], which varies 
between 0.7 and 1 IU/mL for factor VIII. This difference 
could be due to the methods of plasma preparation. 
Usually in foreign countries, plasma was obtained by 
apheresis. In our case plasma was obtained by  
 

separation after centrifugation. The delay between 
whole blood collection and plasma separation could be 
long, which can reduce the concentration level of factors 
by degradation. Another hypothesis could be the mains 
manipulation of plasma during the separation process 
and the delay before freezing which could also alter the 
quality of samples. Mean concentration of fibrinogen in 
our study was 2.6 ± 0.8 g/L This mean concentration is 
comparable to mean concentrations reported in France, 
which varies between 2.7 and 2.8 g/L depending on the 
type of plasma [17]. 
 
     In France, factor VIII concentration of plasma is an 
indicator of validation of the preparation of the plasma 
and of the cold chain system and that of fibrinogen is an 
indicator of quality [17]. To our knowledge in Mali and 
in many others African countries, no validation 
standards and quality indicators exist. If our data are 
confirmed, this step should be taken into account in 
plasma preparation in Mali and in others developing 
countries that used the separation method by 
centrifugation.  
 
     Albanez S, et al. [19] showed the influence of age and 
the ABO group on the plasma concentration of 
coagulation factor [19,20]. We were not able to study 
this point as this parameter was not recorded in our 
study. By studying the role of the ABO group and rhesus 
together, we found that bags of the O group had lower 
mean concentrations of factor VIII than those of other 
groups. This finding, which is rarely discussed, could 
have an impact on the use of FFP in current practice. It 
should be confirmed in a large population before 
suggest any hypothesis. 
 
     Finally we have shown that 19.3% of tested bags 
were not qualified for distribution due to Hepatitis B 
(14.3%) and C (4.1%), HIV (2.3%) and Syphilis 
infections (0.3%). This rate of unqualified bags seems 
high [21,22]. This situation needs attention during the 
donors screening process. We do not investigate the 
reasons of this situation.  
 

Conclusion  

     This study provides an overview of concentration of 
factor VIII, IX and fibrinogen in FFP bags produced by 
NBTC in Mali. Factors VIII and IX concentrations appear 
to be less than usual reported ones in France for 
instance. We suggest that production of cryoprecipitate 
should be carefully controlled as it is required for 
management of hemorrhagic events in resource-limited 
countries with no access to concentrate coagulation 
factor. We also suggest improving concentration of 
these factors in FFP produced in Mali.   
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