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Introduction:  The first epidemic of dengue hemorrhagic 

fever (DHF) occurred in Philippine and Thailand 

around 1952 and 1954.1  The clinical manifestations 

almost always presented with high fever, shock, 

severe bleeding with multiorgan failure and death.  

At that time, pathogenesis and pathophysiology 

including the knowledge of dengue virus was not 

known.  Many studies were performed leading to 

the better understanding on the pathogenesis and 

pathophysiology including the knowledge of dengue 

virus (DV).1,2  This brought into the better management 

and decrease of mortality rate to 1-2%.3-5  During the 

last 50 years the natural history of DHF has changed a 

great deal with the tremendously progression of new 

knowledge.  Endothelial cell derangement become to 

be an important factor.  It played a big role in the 

occurrence of plasma leakage leading to shock, release 

of tissue factor resulting in DIC and increase platelet 

aggregation and then the formation of platelet fibrin 

thrombi.6-10  Furthermore, platelet dysfunction caused 

both bleeding and thrombosis.11  All of these event 

caused ischemia of the vital end organs.  Recently, 

increased incidence of adult DHF along with high 

mortality rate became to be an important problem.12-16  

Immunopathogenesis played an important role in the 

occurrence of the unusual manifestations in DHF such 

as hemophagocytic syndrome (HPCS) and related 

disorders.17-18  With better understanding, effective 

treatment by immunomodulator such as high dose 

corticosteroid and intravenous immunoglobulin G 

were given to save life of the patients.19-27  The key 

role for successful therapy was early diagnosis and 

effective treatment of hematophagocytic syndrome.

The three topic discuss below included bone 

marrow suppression, DIC and hemophagocytic 

syndrome are important.  These should lead to the 

better understanding on the natural history of Dengue 

infection, which has changed a great deal during the 

lest 50 years.  This knowledge will bring into the early 

diagnosis and most effective treatment to decrease 

the high fatality of DHF at the present time. 

1.	 Bone Marrow Suppression in DHF

The hematopoietic suppression is a well known 

phenomenon occurred during dengue virus infection.  

The degree of this change was similar in both dengue 

and dengue hemorrhagic fever.  The suppression 

of hematopoiesis began around 4-5 days after the 

innoculation of virus from the bites of an infected 

mosquito.  This suppression lasted approximately 10 

days and ended in the acute febrile phase approximately 

2-3 days before shock or subsidence of fever. (Fig. 1)  

From various studies28-30 the bone marrow of patients 

with DHF at the early phase of illness showed markedly 
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Fig. 1  Bone marrow changes in dengue infection
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hypocellularity accompanying with decreased all the 

hematopoietic cell precursors namely megakaryocytes, 

erythroid and myeloid precursors.  In vitro culture, the 

colony forming units granulocyte and macrophage 

(CFU-GM) were markedly decreased or almost absent.  

The colony size were also smaller or appeared as 

a cluster of cells.  Following the hematopoietic 

suppression, the recovery of hematopoiesis occurred 

few days before shock or subsidence of fever.  The 

bone marrow appeared hypercellular, accompanied by 

increase in number of megakaryocytes, erythroid and 

myeloid precursors.  Despite the increase in normal 

number of megakaryocytes, these cells showed sign of 

degeneration as manifested by nuclear fragmentation 

and/or cytoplasmic vacuolization. (Fig. 2)29-30,32  The 

hemophagocytosis of young and mature erythroid and 

myeloid cells including lymphocytes and platelets 

were also observed.31-35

Pathogenesis

The pathogenesis of bone marrow suppression in 

dengue hemorrhagic fever (DHF) involved three main 

factors.  These were the direct injury of dengue virus 

infection and replication of the hematopoietic cell 

progenitors; the infection and replication of dengue 

virus in the stromal cells and the changes of marrow 

regulators.

The direct injury of dengue virus to the 

hematopoietic stem cells was demonstrated by 

Nakoa et al in 1989.36  He showed that DV4 could 

replicate in normal bone marrow mononuclear cells.  

The replication of the virus caused inhibition on 

the proliferation of both burst forming unit erythroid 

colonies (BFU-E) and colony forming unit granulocyte 

- macrophages (CFU-GM).  Later on, Murgur et al in 

199737 demonstrated in vitro that DV3 could infect the 

cord blood mononuclear cell.  This infection caused 

suppression of progenitor cell growth in cultures.  The 

degree of hematopoietic suppression was correlated 

with the clinical spectrum of dengue infection.  The 

most severe suppression was observed in dengue 

shock syndrome, followed by dengue hemorrhagic 

fever and dengue fever respectively.

The injury of dengue virus on the stromal bone 

marrow cells was observed by La Russa et al.38-39  

He demonstrated that the infection of the DV2 to 

the stromal cells caused inhibition on the growth of 

hematopoietic stem cells in the culture.  From various 

studies in vitro40-44 during the infection of DV to the 

stromal cells, many cytokines were released into 

the supernatant in culture.  These cytokines were 

macrophage inflammatory protein-1 alpha (MIP-1 a), 

IL6 and IL8.40  All of these cytokines inhibited on the 

growth of hematopoietic stem cells.  Simultaneously, 

there was the decrease in stem cell factor leading to 

the decrease in supporting the growth of hematopoietic 

stem cells in culture.  Recently, many investigators45-51, 

showed that many cytokines which could suppress 

hematopoiesis were released into the circulation 

during the early acute febrile phase of dengue 

infection.  These cytokines included tumor necrosis 

factor (INF a), interleukins (IL-6, IL-8) and interferons 

(INF a and INF g).  There was close correlation 

between the levels of these cytokines to the clinical 

severity of dengue infection.  The duration of the bone 

marrow suppression was also corresponding with the 

increased level of these cytokines in the blood.

In summary, pathogenesis of bone marrow 

suppression in dengue and dengue hemorrhagic 

Fig. 2  Megakaryocyte showing negleected nuclei and 

cytoplasmic vacuolization
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fever involved three major mechanisms.  These 

were the direct infection of dengue virus in to the 

hematopoietic stem cells and stromal cells of the 

bone marrow, accompanied by the release of various 

hematodepressive cytokines during the dengue virus 

infection.  All of these factors caused hematopoietic 

suppression, resulting in granulocytopenia and 

thrombocytopenia.  The hematopoietic suppression 

occurred transiently and recovered rapidly at the 

late acute febrile period.  Following this recovery the 

number of neutrophils and platelets were furtherly 

decreased until the day of shock or subcidence of 

fever and then gradually returned to normal within 2 

days at the convalescent period of the disease.52

DIC, Coagulation and Fibrinolysis, Thrombocytopenia and 

Platelet Dysfunction

At present, DIC is well known phenomena in DHF.53-54 

The first outbreak of DHF with DIC was observed in 

Philippine in 1953-195455 and then in Thailand in 1955 

(personal experience).  At that time little knowledge 

was known about phagenesis and pathophysiology 

of DHF including the causative virus.  The classicle 

manifestations were the combination of intractable 

shock, severe bleeding and multiorgan failure, and 

the post mortem findings showed disseminated fibrin 

thrombi in many vital organs.  The challenging question 

arised.  Did the DIC occurred following prolong shock 

only or did it also occurred in the non-shock stage?  

This challenging questions stimulated us to find out for 

the answer.  From our study in 197756 we demonstrated 

that mild DIC did already occurred in 56% of non-

shock patients but it had no clinical significance.  

However, DIC was found in 82% of the shock group.  

Without adequate treatment for prevention of shock 

in order to get rid of the vicious cycle between shock 

and DIC, the patients would go into severe bleeding, 

intractable shock and multiorgan failure.  In DHF 

with mild bleeding and intractable shock.  DIC as 

an intermediary process inducing intractable shock 

should be suspected.  In this situation small dose of 

heparin should be helpful.54  In severe bleeding from 

DIC, Novo-7 a potent local hemostatic drug should 

be given.57  On the other hand, exchange transfusion 

could be very helpful because it could removed all 

the thromboplastic substances and cytokines from 

the circulation.  The replacement of blood component 

included pack red cells, cryoprecipitate, fresh frozen 

plasma and platelets which was given after exchange 

transfusion would stop bleeding.  Finally, the correlation 

between activation of coagulation and fibrinolysis 

with the severity of DHF, DSS was found.58-59  DIC and 

secondary fibrinolysis were found in majority of the 

cases but the degree of abnormality was more in DSS 

patients.59  Bleeding was common manifestations in 

DHF.  The severity of bleeding correlated well with the 

severity of the disease : DHF and DSS.  Pathogenesis 

of bleeding could be explained on the basis of the 

interaction of vasculopathy, platelet abnormality both 

thrombocytopenia and platelet dysfunction, DIC and 

fibrinolysis.60,61  Thrombocytopenia the most constant 

findings usually occurred in 2-3 days before shock or 

subcidence of fever.  In the non-shock group, platelet 

nadir count was around 50,000 whereas in shock 

group it was less than 50,000.52  The mechanism of 

thrombocytopenia in acute phase of DHF was mainly 

due to peripheral destruction.62  Many line of evidences 

indicated that immune mechanism played a major role 

on the pathogenesis of thrombocytopenia.63-66

The role of corticosteroid to increase platelets 

during convalescence period in non-shock group were 

study.  The result failed to demonstrate the benefit of 

corticosteroid.67  Recently, the work of Srichaikul and 

her group68 showed that corticosteroid had no role in 

increasing platelets in non-shock patients during the 

convalescent period.  However, it suppressed fever 

and shortening the days of admission when given full 

dose at acute phase of DHF.
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Hemophagocytic Syndrome and Related Disorders

The first report of hemophagocytic syndrome 

in DHF was in 2007.19 The patient was 46 year old 

female, who presented with multiorgan failure at the 

recovery phase.  She survived by receiving high dose 

corticosteroid and IVIg therapy.

Hemophagocytic Syndrome (HPCS) is characterized 

by four major manifestations.  These were high fever, 

progressive cytopenia, multiorgan failure with initially 

present as hepatic failure, and finally the demonstration 

of hemophagocytosis in the bone marrow and other 

reticuloendothelial organs.  This syndrome occurred 

mainly in immunocompromised host, in both children 

and adult but more in the adult.  Two major disorders 

could cause HPCS.  These were lymphoid malignancy 

and others and non-malignant disorders mostly from 

infections such as Ebstein Bar virus (EBV), DHF and 

others, bacteria protozoal and fungus, drugs, toxin and 

immune diseases such as SLE and rheumatoid arthritis.  

The prognosis of HPCS in virus infection was poor and 

needed early treatment by high dose corticosteroid 

and high dose intravenous immunoglobulin G to save 

life of the patients.19-26

Pathogenesis of HPCS19-20,26-28 involved two major 

systems : T lymphocytes and macrophage.  These 

two cell working synchronisely by stimulating many 

cytokines namely interleukins, interferon a and g 
and tumour necrosis factor.  The cytokines caused 

injury of vascular endothelial cells leading to clot 

formation, ischemia, multiorgan failure and bleeding.  

On the other hand the activated macrophage induced 

phagocytosis, in combination with activation of fas-

ligend gene leading to apoptosis inturne resulting 

in more severe cytopenia.  These unpleasant events 

resulted to secondary infection, shock, multiorgan 

failure and death. (Fig 3)

Our recent retrospective analysis of 157 DHF 

patients during 2008-201021 showed that 7 patients 

had severe complicated immune disorders.  These 

were 4 HPCS and 3 related disorders.  The 

clinical manifestation of these 7 cases were shock 

accompanied by ARDS in 3 cases, cardiomyopathy 

consisted of cardiomegaly in 4 and myocarditis in 

1 cases.  CNS involvement namely convulsion in 1 

case, semiconscious in 1 case, cerebral hemorrhage 

in 1 case, gastrointestinal involvement namely nausea 
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Fig. 3  Pathoghysiology of Hemophagocytic Syndrome
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vomiting lose of appetite in 1 case, severe abdominal 

pain in 2 cases, severe gastrointestinal bleeding in 

3 cases, severe hepatitis as manifested by jaundice, 

rising of liver enzyme >500 unit in 3 cases and acute 

renal failure : azothemia in 1 case, require hemodialysis 

in 1 case and required blood transfusion in 3 cases.  

Hematologic abnormalities consisted of acute anemia 

in 4 cases, initial leukocytosis in 2 cases, severe 

thrombocytopenia in 3 cases and DIC in 3 cases.  The 

illustration of case 1 (HPCS) and case 5 (prolonged 

bradycardia) were shown.

In conclusion, from the retrospective analysis 

of 157 adult DHF patients we demonstrated 7 

cases presented with unusual severe complications 

namely 4 HPCS and 3 related disorders.  Immune 

pathogenesis plays a big role in the development of 

these complications.  The treatment in these cases 

consisted of high dose corticosteroid and high dose 

intravenous immunoglobulin G.  Five cases survived 

with complete recovery whereas the other two cases 

died.  The first case died from delayed treatment with 

co-infection.  The second case died from intracranial 

bleeding.

The detail history of each case were presented in 

Table I, II and the illustration of case 1 was presented 

in Fig 4-1, 4-2, 4-3 and case 5 in Fig 5 

The finding of myocarditis (prolonged bradycardia) 

in case 5 was quite interesting.  The patient reported 

from Hong Kong in 2010, died from shock and 

tachycardia.  Resuscitation by fluid therapy was given 

without corticosteroid or IVIg therapy.69  The literature 

reviewed from 6154 DHF cases in Thailand found 

that only 2 cases had myocarditis as manifested by 

bradycardia and hypotension.  Immune pathogenesis 

could play an important role for this complication.  

However, corticosteroid therapy and the outcome of 

the patients were not mentioned.
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Table I  Group I very severe multiorgan failure in 4 adult DHF
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Table 2  Group II Severe Unusual Complication in 3 Adult DHF
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Fig. 4-1  Severe complicated DHF case 1
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A B

Fig 4-3  A  ARDS on 2nd day of

       Illness

B    Full Recovery on 6th day

       of Illness

Fig 4-2  Hemophagocytosis in the bone marrow by mature histiocytes

  ingested leukocytes (       ), platelets (     ) and red blood cell (     )

Fig. 4-2  Hemophagocytosis in the bone marrow by mature histiocytes ingested leukocytes (      ),

platelets (    ) and red blood cell (    )

Fig. 4-3  A: ARDS on 2nd day of illness;  B: Full recovery on 6th day of illness
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