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FIGURE 39-12 Dengue treatment algorithm. (From World Health Organization: Dengue Guidelines of 
Diagnosis, Treatment, Prevention, and Control. WHO 2009, pp 64-65.)

DENGUE CASE MANAGEMENT

POSITIVE

Days of illness

Temperature

Potential clinical issues

Laboratory changes

Serology and virology Viremia

Hematocrit

Course of dengue illness: Febrile Critical Recovery phases

IgM/IgG

Platelet

Reabsorption

Fluid overload

Shock

bleeding

Organ impairment

Dehydration

1

40°
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SEVERE DENGUE

Group C

(Require emergency treatment)

Group criteria

Patients with any of the following features:

• severe plasma leakage with shock and/or fluid

 accumulation with respiratory distress

• severe bleeding

• severe organ impairment

Laboratory tests

• full blood count (FBC)

• hematocrit (HCT)

• other organ function tests as indicated

Treatment of compensated shock

Start IV fluid resuscitation with isotonic crystalloid

solutions at 5–10 mL/kg/hr over 1 hour. Reassess

patients’ condition

If patient improves:

• IV fluids should be reduced gradually to 5–7 mL/kg/hr

 for 1–2 hr, then to 3–5 mL/kg/hr for 2–4 hr, then to

 2–3 mL/kg/hr for 2–4 hr and then reduced further

 depending on haemodynamic status;

• IV fluids can be maintained for up to 24–48 hr

If patient is still unstable:

• check HCT after first bolus

• if HCT increases/still high (>50%), repeat a second

 bolus of crystalloid solution at 10–20 mL/kg/hr for 1 hr

• if there is improvement after second bolus, reduce

 rate to 7–10 mL/kg/hr for 1–2 hr and continue to

 reduce as above;

• if HCT decreases, this indicates bleeding and need to

 cross-match and transfuse blood as soon as possible

   

Treatment of hypotensive shock

Initiate IV fluid resuscitation with crystalloid or colloid

solution at 20 mL/kg as a bolus for 15 min

If patient improves:

• give a crystalloid/colloid solution of 10 mL/kg/hr for 1 hr,

 then reduce gradually as above

If patient is still unstable:

• review the HCT taken before the first bolus

• if HCT was low (<40% in children and adult females,

 <45% in adult males) this indicates bleeding, the need

 to cross-match and transfuse (see above)

• if HCT was high compared to baseline value, change

 to IV colloids at 10–20 mL/kg as a second bolus over 

 30 min to 1 hr; reassess after second bolus

• If patient is improving reduce the rate to

 7–10 mL/kg/hr for 1–2 hr, then back to IV

 crystalloids and reduce rates as above

• if patient’s condition is still unstable, repeat HCT

 after second bolus

• If HCT decreases, this indicates bleeding (see above)

• if HCT increases/remains high (>50%), continue

 colloid infusion at 10–20 mL/kg as a third bolus over

 1 hr, then reduce to 7–10 mL/kg/h 1–2 hr, then change

 back to crystalloid solution and reduce rate as above

Treatment of hemorrhagic complications

Give 5–10 mL/kg of fresh packed red cells or 10–20 mL/kg

of fresh whole blood

PRESUMPTIVE DIAGNOSIS

WARNING SIGNS*

NEGATIVE

POSITIVE

NEGATIVE

DENGUE WITHOUT WARNING SIGNS DENGUE WITH WARNING SIGNS
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Live in/travel to dengue-endemic area.

Fever and two of the following criteria:

• Anorexia and nausea

• Rash

• Aches and pains

• Warning signs

• Leukopenia

• Tourniquet test positive

Laboratory confirmed dengue

(important when no sign of plasma leakage)

• Abdominal pain or tenderness

• Persistent vomiting

• Clinical fluid accumulation

• Mucosal bleed

• Lethargy, restlessness

• Liver enlargment >2 cm

• Laboratory: increase in HCT concurrent

 with rapid decrease in platelet count

*(requiring strict observation and medical intervention)

Coexisting conditions

Social circumstances

Group A

(May be sent home)

Group B

(Referred for in-hospital care)

Group criteria

Patients with any of the

following features:

• coexisting conditions such

 as pregnancy, infancy, old age,

 diabetes mellitus, renal failure

• social circumstances such as

 living alone, living far from

 hospital

Laboratory tests

• full blood count (FBC)

• hematocrit (HCT)

Treatment

• Encouragement for oral fluids

 If not tolerated, start

 intravenous fluid therapy 0.9%

 saline or Ringer’s lactate

 at maintenance rate

Monitoring

Monitor:

• temperature pattern

• volume of fluid intake and

 losses

• urine output (volume and

 frequency)

• warning signs

• HCT, white blood cell,

 and platelet counts.

OR: Existing warning signs

Laboratory tests

• full blood count (FBC)

• hematocrit (HCT)

Treatment

Obtain reference HCT before fluid therapy.

Give isotonic solutions such as 0.9% saline,

Ringer’s lactate. Start with 5–7 mL/kg/hr for

1–2 hr, then reduce to 3–5 mL/kg/hr for

2–4 hr, and then reduce to 2–3 mL/kg/hr

or less according to clinical response

Reassess clinical status and repeat HCT:

• if HCT remains the same or rises only

 minimally -> continue with 2–3 mL/kg/hr

 for another 2–4 hr

• if worsening of vital signs and rapidly

 rising HCT -> increase rate to 5–10

 mL/kg/hr for 1–2 hr

Reassess clinical status, repeat HCT, and

review fluid infusion rates accordingly:

• reduce intravenous fluids gradually when

 the rate of plasma leakage decreases

 toward the end of the critical phase

This is indicated by:

• adequate urine output and/or fluid

 intake

• HCT deceases below the baseline value

 in a stable patient

Monitoring

Monitor:

• vital signs and peripheral perfusion (1–4

 hourly) until patient is out of critical phase

• urine output (4–6 hourly)

• HCT (before and after fluid replacement,

 then 6–12 hourly)

• blood glucose

• other organ functions (renal profile, liver

 profile, coagulation profile, as indicated).

Group criteria

Patients who do not have warning signs

AND

who are able:

• to tolerate adequate volumes of oral

 fluids

• to pass urine at least once every

 6 hours

Laboratory tests

• full blood count (FBC)

• hematocrit (HCT)

Treatment

Advice for:

• adequate bed rest

• adequate fluid intake

• Paracetamol, 4 g maximum per

 day in adults and accordingly in

 children.

Patients with stable HCT can be sent home

Monitoring

Daily review for disease progression:

• decreasing white blood cell count

• defervescence

• warning signs (until out of critical period)

Advice for immediate return to hospital if

development of any warning signs, and

• written advice for management (e.g.,

 home care card for dengue).
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FIGURE 40-1 A, Malaria-endemic countries in the Western Hemisphere. 
B, Malaria-endemic countries in the Eastern Hemisphere. (From Centers 
for Disease Control and Prevention: CDC health information for interna-
tional travel 2014: The yellow book, New York, 2014, Oxford University 
Press. A from Map 3-09; B from Map 3-10.)
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FIGURE 40-2 Spatial distribution of Plasmodium falciparum entomological inoculation rate (PfEIR) in 2010. 
A, The point estimate (posterior median) PfEIR prediction for each pixel within the stable limits of transmis-
sion in 2010. The color scale is logarithmic to allow better differentiation across heavily positively skewed 
distribution of values. Areas of unstable transmission (medium grey areas, where PfAPI < 0.1 per 1000 pa) 
or no risk (light grey, where PfAPI = 0 per 1000 pa) are also demarked. B and C, Two indicators of uncer-
tainty associated with the predictions, showing areas with a median prediction less than 1 or less than 10, 
but where the 90th percentile is at least an order of magnitude larger. (From Gething PW, Patil AP, Smith 
DL, et al: A new world malaria map: Plasmodium falciparum endemicity in 2010. Malar J 2011;10:378.)

A

B C
Areas where median PfEIR is less than one

but at least 10% chance PfEIR exceeds ten.

Areas where median PfEIR is less than ten

but at least 10% chance PfEIR exceeds 100.

PfEIR
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10

0.1
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FIGURE 40-3 A, 2010 spatial limits of P. vivax malaria risk deined by PvAPI with further medical intelli-
gence, temperature, and aridity masks. Areas were deined as stable (dark grey areas, where PvAPI ≥ 0.1 
per 1000 pa), unstable (medium grey areas, where PvAPI < 0.1 per 1000 pa), or no risk (light grey areas, 
where PvAPI = 0 per 1000 pa). Community surveys of P. vivax prevalence conducted between January 1985 
and June 2010 are plotted. Survey data are presented as a continuum of light green to red (see map 
legend), with zero-valued surveys shown in white. B, MBG point estimates of annual mean PvPR1–99 for 2010 
within spatial limits of stable P. vivax malaria transmission, displayed on the same color scale. Areas within 
stable limits in (A) that were predicted with high certainty (>0.9) to have a PvPR1–99 less than 1% were clas-
siied as unstable. Areas in which Duffy negativity gene frequency is predicted to exceed 90% are shown 
in hatching for additional context. (From Gething PW, Elyazar IR, Moyes CL, et al: A long neglected world 
malaria map: Plasmodium vivax endemicity in 2010. PLoS Negl Trop Dis 2012;6:e1814.)

A

B

PvPR
>7%

0%
Stable transmission

Unstable transmission

Risk free

PvPR
1–99

>7%

0%
Unstable transmission1

Unstable transmission and high Duffy negativity2

Risk free

FIGURE 40-4 Global distribution of malaria since preintervention (circa 1900 to 2002). All-cause malaria 
distribution maps for preintervention distribution (circa 1900) and for years 1946, 1965, 1975, 1992, 1994, 
and 2002 were georeferenced using ERDAS Imagine 8.5 (Leica Geosystems GIS & Mapping, Atlanta, GA, 
USA). Maps were then digitized on-screen with MapInfo Professional 7.0 (MapInfo Corp, NY, USA). Areas 
of high and low risk were merged throughout to establish all-cause malaria transmission limits. The only 
modiication of original maps was to inill areas on the 1975 map labelled as unknown in China with distri-
bution data recorded in 1965. Each map was then overlaid to create a single global distribution map of 
malaria risk that illustrates range changes through time. 1992 and 1994 distributions are very similar, so 
1992 distribution is excluded for clarity. (From Hay SI, Guerra CA, Tatem AJ, et al: The global distribution 
and population at risk of malaria: past, present, and future. Lancet Infect Dis 2004;4:327-336.)
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FIGURE 40-5 A, Evidence scores for locations that range from strong evidence for presence of a parasite 
reservoir infecting humans, to weak evidence, to absence of host and vector species (i.e., indicating that 
an infectious reservoir would not be supported). B, The same scores grouped into four classes. (From Moyes 
CL, Henry AJ, Golding N, et al: Deining the geographical range of the Plasmodium knowlesi reservoir. 
PLoS Negl Trop Dis 2014;8:e2780.)

A

Strong
evidence
for presence

Weak evidence Absence
of reservoir

prerequisites

Infectious reservoir confirmed

Reservoir prerequisites present

Weak evidence

Reservoir prerequisites absent

+9 +6 +3 0 −3 −6 −9
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FIGURE 40-6 Areas or tiers of differing risks of artemisinin resistance, Southeast Asia, December 2014. 
(From World Health Organization: World Malaria Report 2014.)

Myanmar

Thailand

Cambodia

China

Tier 1

Tier 2

Tier 3

Tier 1 are areas where there is credible evidence of artemisinin resistance;

Tier 2 are areas with significant inflows of people from Tier 1 areas, 
including those immediately bordering Tier 1;

Tier 3 are areas with no evidence of artemisinin resistance and limited 
contact with Tier 1 areas

PDR, People’s Democratic Republic

Vietnam
Myanmar

Thailand

Cambodia

Lao PDR

FIGURE 40-7 Female Anopheles gambiae mosquito feeding. Distinguishing features include sensory palps 
that are as long as the proboscis, and discrete blocks of black and white scales on wings. Both male and 
female Anopheles mosquitoes rest with their abdomens sticking up in the air. (From the Centers for 
Disease Control and Prevention: Public Health Image Library. phil.cdc.gov/phil/home.asp. Left, image  
no. 1665; right, image no. 1664. Courtesy Dr. Jim Gathany and the Centers for Disease Control and 
Prevention.)
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FIGURE 40-8 Global map of dominant malaria vector species. (From Sinka ME, Bangs MJ, Manguin S, et al: 
A global map of dominant malaria vectors. Parasit Vectors 2012;5:69.)
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An. koliensis
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An. leucosphyrus/latens
An. maculatus
An. minimus s.l.
An. punctulatus s.l.
An. sinensis
An. sundaicus s.l.

Southeast Asia and Pacific

FIGURE 40-9 Regional map showing nine dominant vector species in 
the Americas. (From Sinka ME, Bangs MJ, Manguin S, et al: A global 
map of dominant malaria vectors. Parasit Vectors 2012;5:69.)
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FIGURE 40-10 Regional map showing the three most dominant vector 
species in Africa. (From Sinka ME, Bangs MJ, Manguin S, et al: A global 
map of dominant malaria vectors. Parasit Vectors 2012;5:69.)
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FIGURE 40-11 Regional map showing 16 dominant vector species in the Asia-Paciic region. (From Sinka 
ME, Bangs MJ, Manguin S, et al: A global map of dominant malaria vectors. Parasit Vectors 2012;5:69.)
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FIGURE 40-12 Closer view of the eight dominant vector species in Central America and northern regions 
of South America. (From Sinka ME, Bangs MJ, Manguin S, et al: A global map of dominant malaria vectors. 
Parasit Vectors 2012;5:69.)
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FIGURE 40-13 Closer view of complexity and diversity of dominant vector species in Southeast Asia and 
on Paciic Islands. (From Sinka ME, Bangs MJ, Manguin S, et al: A global map of dominant malaria vectors. 
Parasit Vectors. 2012;5:69.)
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FIGURE 40-14 Diagram of female adult Anopheles mosquito. (From 
Centers for Disease Control and Prevention. Diagram of female adult 
mosquito. 11-9-2012. cdc.gov/malaria/about/biology/mosquitoes/
female_diagram.html.)
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FIGURE 40-15 Malarial parasite life cycle. During the cycle, sporozo-
ites are transmitted through the bite of a nocturnal-feeding female 
Anopheles mosquito (A). Sporozoites migrate to the liver (B) and 
mature to merozoites (C). A subset of P. vivax and P. ovale parasites 
remains dormant as hypnozoites only, to emerge months to years after 
initial infection to cause disease. Eight to 25 days after initial infection, 
10,000 to 30,000 merozoites are released to invade erythrocytes (D). 
Asexual parasites mature in 48 to 72 hours, each releasing 6 to 24 
merozoites to invade more erythrocytes (E). Some parasites develop 
into gametocytes (sexual stages), which may be taken up during a 
mosquito blood meal. Diploid zygotes form ookinetes and develop 
into haploid sporozoites (F). Sporozoites migrate to mosquito salivary 
glands and continue their life cycle in humans with the next blood 
meal. (Courtesy Sheral S. Patel, with permission.)
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