
Uncommon but Important Infectious
Diseases

Recently, we published a series of articles on the international traveler in the
ED, emphasizing the risk factors and geography. This article provides a more
standard review of some of the diseases seen in travelers to tropical areas and also
some, like West Nile, that have migrated into temperate climates. This article
will complete our series. 
—Sandra M. Schneider, MD, FACEP, Editor

Malaria
Worldwide, malaria is clearly the most deadly vector-borne illness. Each year,

300-500 million new cases of malaria occur, with approximately 1.5-2.7 million
deaths annually,1 most in young children in sub-Saharan Africa. Roughly 1300
cases and 10 deaths per year are diagnosed in returning U.S. travelers.2 The
majority of these cases occur in patients who have not taken chemoprophylaxis.3

Without proper treatment, severe malaria can progress from a few flu-like symp-
toms to coma and death in as little as 12-48 hours.4 It is suggested that “any
patient who has potentially been exposed to malaria, however briefly, and presents
with fever or unexplained systemic illness should be assumed to have life-threaten-
ing malaria until proven otherwise.”5

History. The Centers for Disease Control (CDC) was established in 1946 and
was responsible for efforts that eradicated malaria in the United States. However,
localized outbreaks of mosquito-borne malaria have been documented as recently
as 2003.6 Currently, the vast majority of cases of malaria currently diagnosed in
the United States are in returning travelers.  

Pathology. Malaria is caused by the protozoan Plasmodium, of which there are
four species: P. falciparum, P. vivax, P. ovale, and P. malaria. Falciparum malaria
accounts for up to 95% of the deaths worldwide, even though it represents only
50% of the infections.5 Both P. vivax and P. ovale produce dormant forms that can
persist in the liver of infected people and resurface in several months or up to
years after initial infection (longest recorded relapse time was 30 years).7 P. falci-
parum is most common in Africa, East Asia, Haiti, and the Amazon, while P.
vivax is the dominant species in Central America, the Middle East, India, and
Southeast Asia.8

Infection begins when a human is bitten by an infected mosquito of the
Anopholes species, which are most often active at dusk/night. The incubation
period typically is 1-3 weeks, but can be highly variable, ranging from several days
or up to a year. Patients taking chemoprophylaxis may have delayed onset of ill-
ness and milder symptoms. Once inside the body, the malaria protozoan feeds on
hemoglobin and other red blood cell (RBC) proteins, which results in lysis of the
RBCs, causing anemia. P. falciparum infection produces a higher level of para-
sitemia than the others, and also changes the RBC surface so that it adheres to
capillary beds and slows blood supply to the vital organs. Thus the brain, kidneys,
liver, gut, placenta, etc., are at risk of focal ischemia, thrombosis, and infarction.
This effect explains the widely varied clinical symptoms observed (cerebral
malaria, acute renal failure, etc.). Patients slowly develop immunity living in an
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endemic area, which is why most fatal
cases of malaria occur in children (or
travelers) who have not yet attained
protective immunity. After leaving the
endemic area, immunity that took
years to develop wanes in only about
six months. 

Signs and Symptoms. Depending
on the species of Plasmodium, fever
cycles begin and repeat at regular
intervals (72 hours [quartan] for P.
malaria and 48 hours [tertian] for
the other three). However, the regu-
lar cycle of fevers does not fully
develop until the infection is well
established. More commonly, the
patient presents with vague flu-like
symptoms (low-grade fever, headache,
malaise, abdominal pain without ten-
derness, vomiting, diarrhea, muscle
aches) with several fever spikes
throughout a 24-hour period. Less
commonly, patients complain of
shortness of breath or chest pain. On
physical examination, hepatomegaly
and splenomegaly are seen in roughly
25-35%, with jaundice evident in
16%.9 Lymphadenopathy and rash are
not common. Likewise, elevated white
blood cell count (WBC) is unusual (<
5% of cases) in acute malaria.10

Progression to severe malaria is a
life-threatening complication. Severe
malaria is defined by the World
Health Organization (WHO) as
malaria infection and one or more of
the signs listed in Table 1.
Unfortunately, severe malaria is most
common in travelers (non-immune
patients) or in primigravida women.
Once this stage is reached, even with
modern intensive care unit (ICU)

treatment, the mortality rate is greater
than 30%.12 Cerebral malaria, a type
of malaria-induced encephalitis, is the
most common cause of death in
severe malaria.13 Non-cardiogenic pul-
monary edema occurs less often than
cerebral malaria, but has an 80% mor-
tality rate.14 Acute renal failure is rare
in children, but is seen in 30% of non-
immune adults with P. falciparum.9

Diagnosis. One must maintain a
high degree of suspicion in patients
with a history of travel to an endemic
area and any history of fever. Cases of
“runway malaria” exist where it is sus-
pected that an infected mosquito has
been transported by airplane and may
cause disease when released at the des-
tination airport.15 Thus, any interna-
tional traveler ill enough to require
admission may require screening as
well. Table 2 summarizes some of the
pitfalls in making the diagnosis. While
most patients become ill in the first
month, some may take months (even
years) to present. Table 3 summarizes
high-risk travel that is associated with
malaria.  

Classically, the gold-standard for
diagnosis of malaria is peripheral
blood smear and identification of the
parasites with a microscope (thick or
thin smear with Giemsa stain). CDC
recommends obtaining smears every
12-24 hours for three consecutive
days before considering malaria
excluded.16 Rapid detection tests
(RDTs) using antibody detection
techniques exist, but only one of these
tests is currently approved for use in
the United States (BinaxNOW
Malaria). In cases of high suspicion,

one should consider empiric therapy
while waiting for test results.17

Treatment. Treatment of malaria
depends on the species of Plasmodium
with which the patient is infected and
the severity of the illness. Resistance to
anti-malarial drugs varies geographi-
cally. Obviously any acutely ill patient
with suspected malaria should be
admitted. Further, admission is
advised for all children, pregnant
women, and non-immune adults
(most travelers). Anyone with malaria
complications (see Table 1) or high
parasite loads (> 2% in non-immune or
> 5% in semi-immune patients) should
be admitted to an ICU.5 Volume
resuscitation, fever control, seizure
control (phenobarbital prophylacti-
cally, benzodiazepines for treatment),
serum glucose supplementation, and
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• Prostration—inability to sit up 
without help

• Coma/mental status changes
• Respiratory distress/pulmonary 
edema

• Seizures
• Hemodynamic instability
• Coagulopathy
• Acute renal failure
• Hypoglycemia (easily overlooked)
• Acidosis
• Jaundice
• Anemia (hemoglobin < 5 g/dL)
• Patients with high parasitemia 
high risk for severe malaria 

> 2% non-immune patient 
> 5% semi-immune patient 

Table 1: Signs of Severe
Malaria11

● Consider malaria in any febrile patient who has recently
traveled to endemic areas, no matter how brief the 
exposure. 

● Dengue fever presents with similar symptoms to malaria,
but 50% of patients will develop a rash. 

● Typhus causes a systemic vasculitis macropapular or
petechial rash sparing the face, palms, and soles.

● Typhoid fever classically presents with a prodrome of
headache, abdominal pain, cough, and myalgias. Classic
symptoms include fever, abdominal pain, and hepato-
splenomegaly. 

● West Nile virus, now seen in most states in the United
States, most often causes only a flu-like illness. However,
an encephalitis or flaccid paralysis can occur following the
early symptoms. 

● There has been spread of “tropical” disease through
increased travel to previously isolated areas. Spread can
occur through human-to-human contact, but there is also
the concern of spread through infected insects transported
on aircraft. 

Executive Summary



early hemodialysis for renal failure are
the mainstays of treatment.  

Patients diagnosed with malaria
should be started on appropriate anti-
malarial drugs (usually chloroquine,
quinine, or artesunate combined with
doxycycline, tetracycline, or clin-
damycin). However, the exact regimen
to use is best decided in consultation
with an infectious disease specialist.
Patients with severe malaria should be
given anti-malaria drugs intravenously,
with quinidine and artesunate being
the only choices. Parenteral quinidine
is cardiotoxic, and its use is recom-
mended only in an ICU setting with
cardiology consultation. The Malaria
Hotline is available from the CDC 8
AM - 4:30 PM Eastern time at 770-
488-7788, and on-call malaria special-

ists are available after hours as well at
770-488-7100.  

Prevention. More than 50% of the
cases of imported malaria between
1992 and 2001 (2,616 cases) involved
travelers who took no prophylaxis,18

but more recent reviews show even
higher numbers of non-compliance
(96% of 1579 cases).3

Prophylaxis is taken for 1-2 weeks
prior to travel, once weekly on the
same day of the week during travel,
and for 4 weeks after completion of
travel. Taking prophylaxis does not
ensure protection. More than 70% of
the cases (351 people) of imported
malaria in the United States. between
1995 and 2001 were due to malaria
prophylaxis failure.18 Most “failures”
are from not taking the proper doses

or due to drug-resistance issues. In
addition to medication, one should
employ netting, screens, and repellent
as well. The CDC maintains a good
resource web site for information of
malaria prophylaxis (www.cdc.gov/
malaria/travel/index.htm).  

Dengue Fever   
Like malaria, dengue is mosquito-

borne with a similar global distribu-
tion. Historically, it was only found in
Africa, but it has spread to all tropical
regions of the world as a result of
international trade. There are an esti-
mated 50-100 million cases of dengue
fever annually.19 Of these cases, about
250,000 develop dengue hemorrhagic
fever, resulting in about 24,000
deaths. Dengue fever tends to occur
in outbreaks or epidemics, and the
attack rates can be as high as 70-90%
during an outbreak.20 In only 6 years
(1995-2001), the number of cases
reported in Central/South America
doubled. The majority of recent
major epidemics have occurred in
Central/South America (Mexico,
Guatemala, El Salvador, Nicaragua,
Columbia, Brazil) and the Caribbean.
As with malaria, many of the dengue
fever cases occur in children. 

Dengue fever is becoming more
common in ill returning travelers.
Small outbreaks of dengue were
detected in Laredo, TX, in 2005 as a
result of dengue spreading across the
Rio Grande from Nuevo Laredo,
Mexico.21

Pathology. Dengue fever is caused
by an RNA virus of the Flavivirus
genus. The virus is transmitted directly
by mosquito from another infected
human, and there are no natural animal
reservoirs. Currently there are four dif-
ferent virus serotypes, and unfortu-
nately infection with one serotype does
not provide protective immunity from
the others. Initial infection with the
virus (classic dengue fever) typically is
not lethal, but the second infection
with another serotype can produce the
lethal form of dengue: dengue hemor-
rhagic fever or dengue shock syndrome.
For reasons that remain unclear, hem-
orrhagic fever complications appear to
be more common in whites and Asians
than in blacks, in females than in males,
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Signs/Symptoms  Are  Varied
1. Only 1/3 of infected travelers will develop regular fever cycles (48-72 
hrs).

a.  It may also take several days to weeks for this to occur. 
2. Most patients present with flu-like symptoms

a.  Moderate fever with multiple spikes in a 24-hour period 
b.  Headache, malaise, GI symptoms, muscle aches  

3. Lymphadenopathy and rash are uncommon
4. In 98% of cases, WBC is normal or low but band count may be elevated
5. Eosinophilia is rare unless there is GI parasite co-infection
6. Failure to consider malaria as a diagnosis
7. Malaria can present after travel to “safe” areas.  
8. Onset of symptoms may be delayed.

a. P. falciparum infections usually become symptomatic within 8 weeks
b. P. vivax infections may take months to cause symptoms
c. Chemoprophylaxis can also delay/blunt symptoms
d. Chemoprophylaxis does not guarantee malaria prevention

9. Initial tests may not be accurate.
a. One negative smear is not diagnostic
b. Unfamiliarity with tests used may produce false negatives 
c. Must obtain blood smears every 12-24 hours for 3 consecutive days 

to rule it out      

Table 2: Pitfalls in Making the Diagnosis of Malaria

• Younger travelers to sub-Saharan Africa
• Rural travel, camping/working outdoors
• Travel during the rainy season
• Stay at altitudes < 1500 m
• Visiting friends/relatives (especially in West Africa)
• Stay for > 3 weeks
• Work as missionary or volunteer
• History of prior chemoprophylaxis side effects
• Failure to use proper netting, repellents, or chemoprophylaxis

Table 3: High-risk Travel Associated with Malaria



and in well-nourished than in malnour-
ished children.22

The dengue virus is transmitted to
humans from the Aedes species of
mosquito, which are active in the day-
time. They are found in urban areas,
which puts all travelers to endemic
areas at risk. The incubation period
varies from 3-14 days, with an average
of 4-7 days. The virus primarily attacks
hepatocytes and endothelial cells. 

Signs and Symptoms. Classic
dengue fever produces a flu-like syn-
drome with high fever, headache,
arthralgias, and a generalized macular
blanching rash. The rash is a helpful
clue to distinguish dengue from
malaria, in which rashes are uncom-
mon. Symptoms return with fever and
rash beginning simultaneously. In the
second phase, the rash is mobilliform,
maculopapular, sparing the palms and
soles, with occasional desquamation.
Small (< 1 cm) islands of normal or
“spared” skin often are noted in the
midst of the rash.19 The fever in the
second phase typically is not as high
and lasts another 2-5 days.  

Another hallmark of dengue fever is
the severe arthralgias, leading to the
term “breakbone fever.”20 The pain
begins after the first fever onset,
increases in severity with time, and
may last several weeks. The most
common sites affected are the legs,
large joints, and lumbar spine.
Interestingly, the bony pain is not
present in dengue hemorrhagic fever
or dengue shock syndrome.  

The more severe form of dengue is
dengue hemorrhagic fever. On the
third to seventh day of illness around
the end of the first phase, an abrupt
shock syndrome develops. Patients
develop abdominal pain with restless-

ness, hypothermia, mental status
changes, and a sudden drop in platelet
count. Thrombocytopenia contributes
to spontaneous hemorrhage, ranging
from petechiae to life-threatening gas-
trointestinal bleeding. Epistaxis,
bleeding from gums, and menorrhagia
also are noted. Hypotension and nar-
rowed pulse pressures are noted, indi-
cating intravascular volume depletion
from increased capillary permeability.
Loss of fluid into extracellular spaces
rather than frank hemorrhage is the
usual cause of shock.  

The mortality of untreated dengue
hemorrhagic fever can be as high as
50%, but ICU support can lower the
number to < 5%.23 Most deaths occur
from cardiovascular collapse and/or
adult respiratory distress syndrome
(ARDS). Although children respond
to aggressive fluid resuscitation, it
recently has been suggested that more
refractory cases may be a result of
depressed cardiac output, the cause of
which is yet to be determined.24

Serum troponin is not elevated in
these patients, so it does not appear
to result from direct myocyte damage
by the virus.  

Diagnosis. In most cases, fever that
begins after 2 weeks following depar-
ture from endemic areas or lasts
longer than 10 days is not likely to be
dengue fever.  

The WHO has listed clinical criteria
that support the diagnosis of dengue
fever. (See Table 4.) WHO dengue
hemorrhagic fever criteria include:
recent history of fever, hemorrhagic
complications, thrombocytopenia and
hematocrit > 20% average for patient’s
sex, age and population.  

Fortunately, laboratory tests can
provide clues, as leukopenia (<
5000/mm3), neutropenia (<
3000/mm3), thrombocytopenia (seen
in 50% of cases), or mildly elevated
AST levels (> 60 U/mL) often are
present.25 Hematocrit levels should be
monitored, as levels rising > 20% often
precede development of shock.20

Likewise, platelet counts < 100,000
cells/µL are seen before initial fever
defervescence and onset of shock.
Ultimately, proof of diagnosis depends
on isolation and identification of the
virus by PCR or ELISA tests.  

Treatment. Uncomplicated dengue
fever can be managed with fever con-
trol and fluid replacement. Patients
presenting with signs of hemorrhagic
fever or shock should be managed
aggressively. Patients with a history of
repeated travel to endemic areas
should be observed for possible devel-
opment of complications. In most
cases, the patient will be admitted for
diagnosis confirmation and inpatient
observation. Patients who survive the
first 48 hours of shock syndrome
recover rapidly and do not experience
relapse. 

Rickettsial Diseases  
Currently, rickettsial diseases consist

of three main types of illnesses: spot-
ted fevers, typhus, and Q fever.
Spotted fevers (e.g., Rocky Mountain
spotted fever) are transmitted via tick
bites, while the typhus group of dis-
eases is transmitted via fleas/lice, and
Q fever is not vector-borne.
Regardless of the type of rickettsial
disease, treatment with doxycycline is
usually the first-line therapy, with flu-
oroquinolones or macrolides as alter-
natives. Eschars seen at the site of the
vector insect bites are common in all
rickettsial diseases (except Q fever),
and are caused by the high level of
organisms present there.  

Spotted Fevers. Rickettsial organ-
isms cause a variety of spotted fevers,
including Rocky Mountain spotted
fever, Mediterranean spotted fever,
African tick-bite fever, north Asian
tick typhus, Queensland tick typhus,
Japanese spotted fever, and flea-borne
spotted fever. Spotted fevers are
named for the rash that accompanies
the other symptoms. These diseases
are found around the globe except
Antarctica. Cases are transmitted from
infected animals (dogs, cows, other
mammals) by tick bites. Often, the
history of tick bite is absent, as trans-
mission also can occur via the bite of
immature forms whose bites go unno-
ticed. Most cases are seen in warmer
months.  

Typhus. Typhus is a group of ill-
nesses (epidemic typhus, murine
typhus, scrub typhus) caused by rick-
ettsial organisms and transmitted to
humans by lice or fleas. Epidemic
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Acute fever with 2 or more of the 
following:

• Headache, retro-orbital pain
• Myalgias
• Arthralgias
• Rash
• Hemorrhagic complications 
Case occurred at the same time as 
other confirmed cases. 

Table 4: Diagnostic Criteria 
for Dengue Fever



typhus tends to occur during natural
disasters or in areas of war/poverty.26

A few cases have been reported in the
eastern United States in recent years
in patients who had close contact with
flying squirrels.27

Symptoms of epidemic typhus
appear after an incubation period of 8-
16 days. The organism invades
endothelial cells and produces a multi-
system vasculitis. Most patients experi-
ence abrupt onset of fever, headache,
myalgias, conjunctival injection, and
rash. The rash is maculopapular or
petechial and involves the entire body
except for the face, palms, and soles.
Regional lymphadenopathy is seen
near the louse bites. Unless antibiotics
are initiated, the symptoms progress to
delirium, cough, gangrene, coma, and
death in a median 12.5 days after
symptom onset.26 The mortality rate
for untreated epidemic typhus varies
from 20% (healthy patients) to 60%
(elderly, pre-existing disease). With
antibiotic treatment, the rate lowers to
3-4%. Patients who survive without
antibiotic therapy recover about 14
days after onset of symptoms. Some
patients, even with treatment, develop
occult infection termed Brill-Zinsser
disease. They harbor low levels of rick-
ettsia in their bodies and may develop
recurrent typhus months or even years
later, although the course of recurrent
disease is milder than epidemic typhus.  

Most cases are diagnosed via rising
antibody titers, but these are not pres-
ent until the second week of illness.
Doxycycline (100 mg BID for 7-10
days) is the treatment of choice, while
chloramphenicol (60-75 mg/kg/day
divided into 4 doses) is an effective
alternative.26

Murine typhus is a similar infection
caused by a different species of rick-
ettsia and is transmitted to humans
from infected rat flea bites. Isolated
cases are seen in the United States
(Texas, southern California) associ-
ated with cats and opossums. Murine
typhus is seen primarily in port cities
located in subtropical and temperate
coastal areas. Cases recently have been
reported in travelers returning from
Hong Kong, China, Brazil, and
Indonesia.28 Symptoms are similar to
epidemic typhus, although the fatality

rate is less (1-4%). Definitive diagnosis
is via rising antibody titers, but dis-
tinction from epidemic typhus can be
difficult due to shared antigens.
Treatment is with doxycycline or
chloramphenicol.

Scrub typhus is caused by another
rickettsial species and transmitted by
infected mites (chiggers). It is endemic
in southern and eastern Asia (Japan,
China, Korea), as well as Indonesia,
India, and the Philippines. An esti-
mated 1 million people are infected
each year.29 Symptoms are similar to
epidemic typhus, although the rash is
less severe and often overlooked.
Fatality rates can vary from 3% to 60%
without treatment, but treatment with
doxycycline or chloramphenicol
greatly improves recovery.  

Q Fever. Q fever is caused by
Coxiella burnetii and the disease is
endemic in many parts of the world. It
is one of the diseases that has been
mentioned as a bioterrorism agent. Of
note, this organism recently was
reclassified as a protobacteria (distantly
related to Legionella).30 It is particu-
larly common in southern Spain.31 It is
also endemic in the United States,
causing 60-70 cases per year in recent
years. The disease primarily affects
those in close contact with livestock
(cattle, sheep, and goats) who breath
the organisms into their lungs directly
from close contact with animal body
fluids (urine, feces, milk, amniotic
fluid). No inoculation eschars are seen.
The incubation time is variable, but
the average time is 18-21 days (range
of 9-40 days).32 Only about 50% of
infections manifest with clinical symp-
toms, and mortality of acute infection
is generally < 1%. Acute infection
symptoms are those of pneumonitis
with fever, headache, myalgias, cough,
and pleuritic chest pain. For reasons
that are unclear, some patients
progress to chronic illness (lasting > 6
months) and are at risk for complica-
tions of hepatitis and endocarditis.
Diagnosis is through rising antibody
titers. Treatment is with doxycycline
(100 mg BID for 14-21 days).  

Schistosomiasis 
Schistosomiasis is found in a total of

74 countries in Africa, South America,

Asia, the Middle East, and the
Caribbean. However, 80% of cases
today are seen in sub-Saharan Africa.33

Prevalence in endemic areas can
approach 50%, and even short-term
travelers to these areas are at risk of
infection. Dams and irrigation projects
have introduced the disease into new
areas, and transmission has been
reported even in large urban areas in
Africa and Brazil.34 Outbreaks of schis-
tosomiasis also have been reported in
adventure travelers on river trips in
Africa and among Peace Corps volun-
teers.35 There are an estimated
400,000 people with schistosomiasis
currently in the United States, and
they occasionally present with compli-
cations of chronic infection.36 How-
ever, the disease cannot be passed on
here, as the snail species required to
complete the parasites life cycle is not
found in the United States.  

People become infected when they
enter fresh water containing the free-
swimming larval form that can pene-
trate normal skin. In people with
previous infection, a self-limited
inflammatory reaction produces a
papular dermatitis (swimmer’s itch)
that can begin only a few hours after
infection.33 Once in the body, larvae
migrate into large veins of the liver,
mesentery, or ureters depending on
the species. After about 2-8 weeks,
eggs are produced that pass from the
intestines or urine into fresh water to
infect specific snail hosts, which in
turn release the free-swimming larvae.
Once eggs begin to be released, many
people develop an acute systemic reac-
tion termed Katayama fever or acute
schistosomiasis. The retention of the
eggs produces the clinical disease of
chronic schistosomiasis. Four major
species migrate to produce hepatobil-
iary or gastrointestinal disease (S.
mansoni, S. intercalatum, S. mekongi,
and S. japonicum) and one to produce
urinary disease (S. haematobium).  

Systemic symptoms begin about 2-8
weeks after initial exposure to contami-
nated water but can take up to 12
weeks to appear. The delay between
fresh-water exposure and onset of
symptoms can make the connection
difficult to discern. Symptoms and
physical findings include fever, myal-
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gias, fatigue, abdominal pain, bloody
diarrhea, lymphadenopathy, hepa-
tomegaly, non-productive cough, and
suspicious laboratory findings of patchy
pulmonary infiltrates with eosinophilia
are seen. Higher nocturnal fevers and
eosinophilia suggest parasitic infection
and may be the only specific clues to
acute schistosomiasis.37 Most patients’
symptoms resolve spontaneously in 2-
10 weeks, but some develop persistent
abdominal pain, diarrhea, dyspnea, and
weight loss.  

Symptoms of chronic schistosomia-
sis usually appear 2-10 years after ini-
tial infection and correlate with the
area of the body infected. (See Table
5.) They result from inflammation and
scarring produced by chronic egg
retention. 

Diagnosis is via microscopic exami-
nation of stool or urine for eggs.
Serologic antibody detection is avail-
able at the CDC, but it cannot distin-
guish between active or past
infections. Early treatment is crucial
to prevent complications of long-term
infection; even a single pair of worms
is thought to be able to produce
severe complications (i.e., transverse
myelitis) over time.33 Praziquantel
(Biltricide 40-60 mg/kg/d PO
divided BID to TID for 3-6 days) is
the drug of choice, and just a single
treatment can cure 65-90% of patients
or reduce egg production by 90%.

Typhoid Fever 
Typhoid fever is caused by infection

with Salmonella typhi and paratyphoid
fever by S. paratyphi. Both diseases are
clinically similar, although paratyphoid
symptoms generally are less severe and
are collectively known as enteric fever.
Typhoid fever now is seen mostly in
developing countries with poor sanita-
tion.38 There are an average of 400
cases per year in the United States,

with 72% of these diagnosed in travel-
ers, most of whom went to India or
Latin America (Mexico).39 Travel to
India carries the highest risk (18 fold
higher).40 About 1-4% of untreated
individuals can become chronic carri-
ers of the bacteria. The most infamous
carrier was “Typhoid Mary,” who
unknowingly spread typhoid fever
while she worked as a cook in New
York in the early 1900s.  

After bacteria are ingested, they
invade the enteric mucosa and can
spread to the lymphatic tissue (Peyer’s
patches), spleen, liver, and bone mar-
row. Use of antacids, proton pump
inhibitors, history of gastrectomy, and
immune deficiency all increase risk of
infection. The incubation period
varies, with an average of 7-14 days
(3-60 day range). Untreated, symp-
toms usually last around four weeks,
though patients given antibiotics
recover rapidly over just 2-3 days.
Early clinical symptoms consist of
headache, abdominal pain, anorexia,
dry cough, and myalgias that often
precede the fever. Ironically, constipa-
tion occurs with equal frequency as
diarrhea and is thought to result from
hypertrophy of Peyer’s patches.
Classic physical findings include fever,
abdominal pain, and enlarged liver
and/or spleen. Fever may be absent
during the first week, but it rises to a
sustained high fever in weeks 2-4.
Abdominal distension appears in the
second week and peaks in the third
week. Classically, “rose spots” appear
in about 30-50% of cases and are sub-
tle salmon-colored blanching macu-
lopapular lesions about 1-4 cm in
size.38 Relative bradycardia with the
fever is also suggestive of typhoid
fever. Conjunctivitis and rales also are
reported in about half of cases.
Intestinal bleeding is the most com-
mon complication (12% in one

series)41 and may precede perforation,
which occurs at heavily infected
Peyer’s patches. If patients do not die
from intestinal perforation, GI bleed-
ing, myocarditis, or sepsis, they begin
to improve in the fourth week,
although the recovery is slow and
relapses are seen in 10% of cases.38

Mortality can be as high as 90% with-
out antibiotics, but their early use
reduces this to < 1%.  

Laboratory diagnosis is by culture of
a Salmonella species. S. typhi can be
cultured from blood (70% successful),
stool (30% successful), urine, and the
rose spots, but bone marrow aspirates
have the highest sensitivity (80-95%)
and remain a good source even after
several days of antibiotic treatment.42

Presumptive treatment should be
started as soon as the disease is sus-
pected. Ciprofloxacin is no longer
effective against species from Southeast
Asia, and alternatives include ceftriax-
one (Rocephin) for severe cases or
trimethoprim/sulfamethoxazole
(Bactrim) for mild cases.43

Leishmaniasis
Leishmania are intracellular parasites

transmitted by the bite of sand flies.
The three main types of disease caused
are visceral (most dangerous), cuta-
neous, and mucocutaneous. Cu-
taneous leishmaniasis is more common
than the visceral form. This topic was
discussed in the Oct. 13, 2008 issue of
Emergency Medicine Reports. The same
species of Leishmania can produce
more than a single clinical syndrome.  

Leishmania are found in most of
the world (also in the United States
along the Mexican border), except for
Australia, the Pacific Islands, and
Antarctica. The vast majority of cases
are clustered in several regions: 90%
of visceral leishmaniasis is in eastern
India, Bangladesh, Brazil, Nepal, and
Sudan; 90% of mucocutaneous cases
are from just Brazil, Bolivia, and Peru;
and 90% of the cutaneous cases are
from Iran, Iraq, Saudi Arabia, Syria,
Afghanistan, Brazil, and Peru.44

Soldiers in Iraq and Afghanistan have
frequent encounters, coining the term
“Baghdad boil” for cutaneous disease.
More than 500 cases in soldiers have
been reported between 2002 and
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Intestinal form: abdominal pain, bloody diarrhea
Hepatic form: hepatomegaly, portal hypertension, liver failure
Urinary form: hematuria, obstructive hydronephrosis/hydroureter, 

bladder cancer
Central nervous system: epilepsy, increased intracranial pressure, spinal 

cord lesions
Pulmonary: cor pulmonale

Table 5: Symptoms of Chronic Schistosomiasis
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2004. One estimate is that up to 10%
of those deployed to the Persian Gulf
may have leishmaniasis.45 Cases have
been documented to occur via blood
transfusion46 or needle sharing in IV
drug users.47 Treatment is compli-
cated due to the drugs used and fre-
quent treatment failures; consultation
with ID specialists is recommended. 

Visceral Leishmaniasis. The visceral
form of leishmaniasis is the most
severe. It is also called Kala-azar or
black fever. Travel to eastern India,
Bangladesh, Brazil, Nepal, and Sudan
are the main areas of risk. Travelers
with HIV/AIDS, though, are at much
higher risk (about 100-1000 times
higher)48 The average incubation
period is 3-8 months, but can be as
short as 10 days or more than 1 year.45

Protozoa move to infect the spleen,
liver, and bone marrow, and patients
develop fevers, anorexia, weight loss,
abdominal distension, hepatomegaly,
and splenomegaly. Primarily in cases
from India, hyperpigmentation devel-
ops on the hands, feet, abdomen, and
face (hence the term black fever).
Bone marrow involvement causes pan-
cytopenia with severe anemia and
leukopenia that can prompt oppor-
tunistic infections. Without treatment,
the majority of cases prove fatal.
Diagnosis is difficult and is typically
through visualization of parasites (or
culture) from bone marrow aspiration
or liver or spleen biopsy. Serum anti-
body ELISA tests also are available.
The first choice for treatment is
amphotericin B (AmBisome) for 4-6
weeks. Miltefosine is a new oral agent
being used with success in India,
where resistance is 40%.44

Yellow Fever 
In 1900, Dr. Walter Reed first con-

firmed Carlos Finley’s idea that yellow
fever was transmitted by mosquitoes.
The last outbreak in the United States
occurred in 1905 in New Orleans.
Currently, yellow fever is still endemic
to Africa and South America, with
most of the cases in sub-Saharan
Africa.  

An effective live-attenuated vaccine
was developed in 1937 and is still used
today. It is effective with side effects of
low-grade fevers, malaise, and injec-

tion-site reactions seen in fewer than
5% of individuals. The vaccine can be
given to older people, but patients
older than 70 years of age have a 13-
fold increased risk of this complica-
tion.49 Yellow fever vaccination is
required by many countries for entry
by anyone traveling to or with stop-
over in Africa and South America.
Currently no vaccinations are required
to return to the United States.50

Pathology and Symptoms. Yellow
fever is caused by an RNA virus of
the Flavivirus genus. It is transmitted
to humans by mosquitoes. Unfortun-
ately, these mosquitoes are found
throughout urban areas in endemic
areas, with the highest risk of trans-
mission in the rainy seasons. Once a
person is bitten, the virus infects
many tissues, including the liver, kid-
neys, lymph nodes, spleen, and bone
marrow.  

After a short incubation period of
3-6 days, a variety of symptoms can
result, ranging from mild illness to
hemorrhagic fever and rapid death.
Nearly 90% of infections are mild or
asymptomatic, but more serious cases
occur in about 15% of patients, in
whom mortality can be as high as
50%.51 ICU care can lower this num-
ber in many cases to about 5%.52 The
first or acute phase of yellow fever
begins with fever, headaches, and
myalgias. Conjunctival injection, facial
flushing, and relative bradycardia with
the fever (Faget’s sign) are seen.20

Symptoms abate after about 3-4 days
but will return in 24 hours to 2-3
days in the 15% who progress to the
life-threatening stage or toxic phase of
yellow fever.  

The toxic phase is characterized by
return of high fever, headache, low
back pain, abdominal pain, vomiting,
and somnolence (or period of intoxica-
tion). Jaundice appears as liver damage
increases, giving the disease its name.
Spontaneous hemorrhage is common
with epistaxis, gum bleeding, GI bleed-
ing, and petechiae/purpuric rashes.
Renal and hepatic failure (hepatorenal
syndrome) is a common cause of death
and typically occurs within 7-10 days
after symptom onset. Those who do
survive take many weeks to fully
recover from residual fatigue.20

Diagnosis and Treatment. While
there are few clinical findings that sug-
gest yellow fever, the relative bradycar-
dia seen with the high fever (Faget’s
sign) can be a clue when present.
Strict questioning of the patient about
the vaccine is important because, when
used, the vaccine is very effective and
provides protective immunity in 95%
of recipients within one week.53

Common laboratory abnormalities
include mildly low WBCs or neu-
trophil counts, signs of coagulopathy
(elevated prothrombin times, low fib-
rinogen levels, low hemoglobin, and
thrombocytopenia), rising liver
enzymes and bilirubin levels, and ele-
vated serum creatinine. Albuinuria is a
consistent finding that helps differen-
tiate yellow fever from other causes of
viral hepatitis.20 Ultimately, the diag-
nosis can be confirmed only by
ELISA or PCR tests that detect the
presence of the specific virus or by
direct culture of the virus. Liver
biopsy also can confirm the diagnosis
but should be avoided in coagulo-
pathic patients.  

Treatment is supportive, as there
are no specific treatments for yellow
fever. All patients who do not pro-
gress to the toxic phase of the illness
survive without sequelae. Of the 15%
who progress to the toxic phase, 50%
mortality is common without treat-
ment. Aggressive fluid resuscitation,
ventilation, dialysis, and management
of disseminated intravascular coagula-
tion can reduce this number to 5%. 

West Nile Encephalitis 
West Nile encephalitis was first recog-

nized in 1937. The virus came to the
forefront, though, in 1999 when it
caused a series of deaths among wild
crows and exotic birds.54 Later that
year, the virus was isolated from 59
individuals in the eastern United States.
By 2002, the disease had spread across
the United States to the Pacific.20 Since
1999, there have been 19,525 cases
reported in the United States, causing
771 deaths.55 In 2007, cases of West
Nile disease were reported from 43
states, with the largest numbers in
Colorado (576), California (379), and
North Dakota (369). To date, only
Washington, Alaska, and Hawaii have
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not reported cases.  
West Nile disease is caused by

another species of Flavivirus. It is
transmitted to humans by the bite of
infected mosquitoes, usually of the
Culex species. The virus exists in the
wild, primarily in bird populations
(especially crows, jays, and sparrows),
but also can infect other mammals
(cats, dogs, horses, etc.). The virus
also can be transmitted by infected
blood products or by organ donation.  

The majority of infections in
humans are asymptomatic, with only
20-40% of people developing clinical
symptoms.55 When symptoms do
occur, they are seen after a 2- to 14-
day incubation. Most people develop
flu-like disease with fever, cough, sore
throat, headache, myalgias, vomiting,
and diarrhea that lasts 3-6 days. Fewer
than 1% of infected people progress to
severe neuroinvasive disease.55 Besides
neurologic complications, myocarditis,
hepatitis, and pancreatitis also have
been reported.20

Those who progress to neurologic
disease develop a flu-like prodrome
lasting 1-7 days. They seem to
improve before relapsing with more
severe symptoms. When neurologic
disease develops, it is clinically indis-
tinguishable from other forms of viral
encephalitis. Patients can have signs of
meningeal irritation (headache, stiff
neck, photophobia) or develop delir-
ium and focal neurologic signs
(dysarthria, tremor, seizures, ataxia).
Encephalitis (63% of cases) is more
common than meningitis (29%), and
some patients develop only headache
(8%).54 Case fatality rates range from
4-14%, with most deaths in the
United States occurring in older
patients.20

West Nile also is known to cause a
flaccid paralysis that can follow 1-2
weeks after the flu-like illness.55 The
onset is rapid, with peak weakness
occurring in only a few hours.
Minimal or no sensory changes are
noted, and bowel/bladder function is
affected only in a minority of
patients.56 Unfortunately, recovery
from flaccid paralysis is highly vari-
able, with some studies reporting only
30% recovering the ability to walk
after one year, while in other cases

some patients recovered completely in
a matter of weeks.55

Currently, no tests can identify West
Nile infection while patients are still
in the ED. ELISA tests for serum
IgM antibodies are required.  

Trypanosomiasis 
Trypanosomiasis is caused by infec-

tion with protozoa of the Trypan-
osoma genus, and there are two
distinct disease forms in humans.
American trypanosomiasis (Chagas’
disease) is caused by Trypanosoma
cruzi, and African trypanosomiasis
(sleeping sickness) is caused by
Trypanosoma brucei. 

African Trypanosomiasis
(Sleeping Sickness). The West
African version has a more delayed
onset, with symptoms developing
months to a year after the first bite.
After symptoms develop in West
African disease, it proceeds similarly
to the East African version.  

East African trypanosomiasis follows
a more acute course. A painless inflam-
matory lesion at the bite site develops
about a week after the bite. Even
without treatment, this usually resolves
spontaneously over a few weeks.
About 3 weeks after being bitten,
intermittent fevers, myalgias, general
lymphadenopathy, rash, and headache
occur. Like Chagas’ disease, the heart
can be involved at this stage with peri-
carditis and conduction disease.  

Stage II develops when the parasites
reach the central nervous system and
may progress rapidly or may take
months to years to develop. Persistent
headaches, with behavioral changes,
weight loss, and the characteristic dis-
ruption of sleep patterns (daytime
somnolence, nighttime insomnia) the
disease is named after are seen.
Movement disorders, such as chor-
eiform movements, fasciculations,
ataxia, slurred speech, and tremors
can prompt misdiagnosis with
Parkinson’s disease. Ultimately, the
disease is fatal if untreated.  

Definitive diagnosis relies on direct
detection of the parasite in blood or
tissue serologic antibody testing.
Treatment is obtained through the
CDC.  

American Trypanosomiasis

(Chagas’ Disease). American try-
panosomiasis, or Chagas’ disease, is
transmitted to humans from the bite
of the kissing bug. People can become
infected when the kissing bug bites,
obtains a blood meal, and then defe-
cates nearby. The protozoans are in
high concentration in the bug’s feces,
and are then rubbed into the nearby,
itching wound. Pregnant women can
transmit the disease to their fetuses.
Muscle tissue is most affected by T.
cruzi infection, especially cardiac mus-
cle, resulting in dilated cardiomyopa-
thy as well as conduction system
abnormalities. Apical aneurysms and
mural thrombi are common. The
esophagus and colon are the other tis-
sues most commonly affected. Only
10-30% of people with chronic infec-
tion will become symptomatic.57

Two distinct clinical syndromes
result from infection: the acute and
chronic disease. Incubation periods
are about 7-10 days and last between
3-8 weeks without treatment.
Symptoms consist of localized
swelling (chagoma) at the site of the
insect bite, with localized lym-
phadenopathy. Systemic symptoms of
fever, malaise, anorexia, and
facial/extremity edema can be seen.
Rarely, patients will develop meninn-
goencephalitis or congestive heart fail-
ure in the acute infection, and
fatalities can result. Chronic Chagas’
disease can take years to decades to
produce symptoms, which consist of
right heart failure, arrhythmias, or
achlasia (megaesophagus).  

Diagnosis of acute infection can be
made by observing a fresh drop of
anticoagulated blood at 400 x magni-
fication for moving T. cruzi. When
blood smears are not diagnostic, cul-
ture may be needed to prove infec-
tion, but this can take several weeks.
PCR tests are useful to diagnose
acute/chronic infections but are not
sensitive enough for screening of
donated blood.58 Treatment is only
available through the CDC.57

Viral Hemorrhagic Fevers
(Ebola, Lassa, Marburg) 

At least 18 different species of
viruses are known to cause hemor-
rhagic fever syndromes: arenaviruses
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(Lassa, Bolivian, Argentine, Brazilian
hemorrhagic fevers), bunyaviruses
(Hantavirus, Congo-Crimean hemor-
rhagic fever, Rift Valley fever),
filoviruses (Ebola and Marburg
fevers), and Flaviviruses (Dengue and
yellow fever). All are RNA viruses in
which humans are not the natural
host, they cause human disease in
sporadic outbreaks, and, with few
exceptions, they have no specific
treatment. Some of these viruses
(Ebola, Lassa, Marburg) are so conta-
gious they are classed as Category A
bioterrorism agents comparable to
anthrax and smallpox.59 This section
will focus on the Ebola, Lassa, and
Marburg fevers.  

Ebola. Ebola fever is highly fatal in
humans, with case fatality rates of 40-
89%, and so far has been limited to
infrequent outbreaks in sub-Saharan
Africa (Congo, Gabon, Sudan, and
Uganda). Very little is known about
the virus, and the natural animal
reservoir remains unidentified.
Epidemics appear mysteriously, rapidly
infect humans (and primates), and
their spread is only limited by their
deadly clinical course.  

Ebola virus is highly infectious, and
human-to-human aerosol spread
through close contact with the infected
patient or with their body fluids is well
documented in those caring for these
patients.60 Even persons preparing the
dead for burial have become infected,
presumably just by touching of the
skin.60 Recent work shows that a few
human Ebola infections remain asymp-
tomatic, possibly due to a strong early
immune response in these lucky individ-
uals.61 After exposure to the virus, incu-
bation periods range from only 5-10
days. Early symptoms include abrupt
onset of fever, myalgias, headache,
abdominal pain, diarrhea, and pharyngi-
tis with herpetic lesions. Later, patients
develop a maculopapular rash that
evolves into petechiae with spontaneous
bleeding from all mucosal sites and
venipuncture sites. Severe conjunctival
injection and bleeding also are seen.62

Most patients die from cardiovascular
collapse and metabolic acidosis, but
some improve markedly in the second
week. Culture of the virus is diagnostic
but must be performed in a level 4

biosafety facility. Otherwise, PCR detec-
tion of viral antigen or ELISA detection
of antibodies is used. Currently there
are no recommended antiviral drugs
used to treat Ebola infections; treatment
is strictly supportive.   

Marburg Fever. This virus is closely
related to the Ebola virus. Bats are
the implicated natural reservoir, but
so far no live virus from animals has
been isolated.60 Clinically, Marburg
fever is very similar to Ebola,
although mortality in some outbreaks
has been lower (25-30%).62 As with
Ebola, there is no specific treatment,
and the virus is highly contagious.  

Lassa Fever. Lassa fever epidemics
have been reported in West Africa
(Nigeria, Liberia, Sierra Leone, and
Guinea) with case fatality rates up to
50%. A case of Lassa fever was seen in
New Jersey in 2004. It is estimated that
between 100,000 and 300,000 cases
(5,000 deaths) occur every year in West
Africa. Only 1 in 20 infections leads to
significant symptoms/hospitalization.63

The natural reservoir for Lassa virus
is a small rodent. The exact mecha-
nism of transfer to humans is unclear
but likely occurs from contact, inges-
tion, or aerosol spread from the rat’s
urine or stool or by handling the
rodents as they are prepared for
food.64 Infected people are highly
contagious, and contact with their
body fluids, tissue, or even intact skin
can transmit the virus.  

Symptoms begin after 7-12 days, and
a variety of symptoms can be seen. In
order of decreasing frequency, they
include retrosternal chest pain (perhaps
from pericarditis), sore throat, back
pain, cough, abdominal pain, vomiting,
diarrhea, conjunctivitis, and facial
edema.65 Mucosal bleeding is seen less
often than with Ebola or Marburg. In
some patients, encephalitis and/or
meningitis complications occur.
Diagnosis can be suggested by elevated
serum aspartate transaminase (AST)
levels, but serologic ELISA confirma-
tion is required for accurate diagnosis.
Patients who die from infection do so
in the second week from cardiovascular
collapse and pulmonary edema.  

Ribavirin has been shown to be an
effective treatment.66 Ribavirin now is
recommended as effective for chemo-

prophylaxis in those exposed to
infected patients.  

Cholera
Cholera is a contagious diarrheal ill-

ness capable of causing epidemics and
pandemics.67 Regional epidemics
occur yearly. The overwhelming
majority (66%) of recent cases are
from Africa, followed by Southeast
Asia (17%).68 Although cholera is pri-
marily a disease of poor sanitation,
developed countries such as the
United States, Canada, and Australia
have reported endemic cases.69 The
U.S. cases were associated with raw
seafood on the Gulf Coast, and cases
were reported in association with hur-
ricanes Katrina and Rita.70

Symptoms begin after a 24- to 48-
hour incubation period, and the
watery diarrhea (“rice water stools”)
can produce mild to life-threatening
dehydration. Stool volume has been
measured at > 250 mL/kg in the first
24 hours.67 Vomiting can be present,
complicating oral rehydration
attempts. Clinical symptoms will vary
with degree of dehydration. If
untreated, cholera can cause death in
1-3 days from dehydration with a
reported mortality of 50%.67

Diagnosis is by visualization of
mobile V. cholerae in the stool, by cul-
ture, or by PCR testing. Treatment
centers on rehydration, with restora-
tion of fluid losses in the first 2-4
hours followed by maintenance until
diarrhea slows. Fluid requirements in
the restoration phase can be extreme,
up to 100 mL/kg/hr (7 liters for 70-
kg person).67 Antibiotics are optional
but do shorten the course of illness and
limit fluid losses. Tetracycline resistance
is spreading, and resistance to cipro-
floxacin also has been reported in India.
Erythromycin and azithromycin have
been used with success.
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Physician CME Questions
11.The incubation time of malaria is:

A. < 1 week
B. 1-2 weeks
C. 2-4 weeks
D. 4-8 weeks
E. > 8 weeks
F. all of the above

12.Signs of severe malaria include all of the fol-
lowing except:
A. coma/mental status changes.
B. eosinophilia.

C. coagulopathy.
D. jaundice.

13.Unlike malaria, dengue fever causes:
A. high fever.
B. arthralgias.
C. headache.
D. rash.

14.Which of the following precedes the devel-
opment of dengue shock syndrome?
A. Anemia
B. Rise in hemotocrit
C. Thrombocytopenia
D. Leukopenia

15.Typhus has been seen in the United States
associated with which animal?
A. Dog
B. Rabbit
C. Groundhog
D. Flying squirrel

16.Typhoid fever is most common after travel
to: 
A. India.
B. New Orleans.
C. Dominican Republic.
D. New York City.

17.Which of the following is not associated
with typhoid?
A. Breakback fever
B. Rose spots
C. Relative bradycardia
D. Splenomegaly

18.Bagdad boil seen in soldiers in Iraq and
Afghanistan is caused by: 
A. malaria.
B. dengue fever.
C. leishmaniasis.
D. Chagas' disease.

19.SYellow fever vaccine:
A. causes more reactions in children than

older adults. 
B. is nearly 100% effective. 
C. provides cross-over immunization for

other diseases caused by Flavivirus. 
D. may cause jaundice in 5%. 

20.The flaccid paralysis caused by West Nile
virus: 
A. occurs 1-2 weeks after the flu-like illness.

B. precedes the illness by 5-6 days.
C. reverses in all patients effected within 1

week.
D. reverses in all patients effected within 24

hours.

CME Answer Key
11. F; 12. B; 13. D; 14. B; 15. D; 16. A; 
17. A; 18. C; 19. B; 20. A

Emergency Medicine Reports

CME Objectives

To help physicians:
• quickly recognize or increase index of suspicion for specific conditions; 
• understand the epidemiology, etiology, pathophysiology, and clinical features of

the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques (including the impli-

cations of pharmaceutical therapy discussed) to patients with the particular med-
ical problems discussed; 

• understand the differential diagnosis of the entity discussed; 
• understand both likely and rare complications that may occur.
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Uncommon 

but Important

Infectious Diseases

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

• Prostration—inability to sit up 
without help

• Coma/mental status changes
• Respiratory distress/pulmonary 
edema

• Seizures
• Hemodynamic instability
• Coagulopathy
• Acute renal failure
• Hypoglycemia (easily overlooked)
• Acidosis
• Jaundice
• Anemia (hemoglobin < 5 g/dL)
• Patients with high parasitemia 
high risk for severe malaria 

> 2% non-immune patient 
> 5% semi-immune patient 

Signs/Symptoms  Are  Varied
1. Only 1/3 of infected travelers will develop regular fever cycles (48-72 
hrs).

a.  It may also take several days to weeks for this to occur. 
2. Most patients present with flu-like symptoms

a.  Moderate fever with multiple spikes in a 24-hour period 
b.  Headache, malaise, GI symptoms, muscle aches  

3. Lymphadenopathy and rash are uncommon
4. In 98% of cases, WBC is normal or low but band count may be elevated
5. Eosinophilia is rare unless there is GI parasite co-infection
6. Failure to consider malaria as a diagnosis
7. Malaria can present after travel to “safe” areas.  
8. Onset of symptoms may be delayed.
a. P. falciparum infections usually become symptomatic within 8 weeks
b. P. vivax infections may take months to cause symptoms
c. Chemoprophylaxis can also delay/blunt symptoms
d. Chemoprophylaxis does not guarantee malaria prevention

9. Initial tests may not be accurate.
a. One negative smear is not diagnostic
b. Unfamiliarity with tests used may produce false negatives 
c. Must obtain blood smears every 12-24 hours for 3 consecutive days 

to rule it out      

• Younger travelers to sub-Saharan Africa
• Rural travel, camping/working outdoors
• Travel during the rainy season
• Stay at altitudes < 1500 m
• Visiting friends/relatives (especially in West Africa)
• Stay for > 3 weeks
• Work as missionary or volunteer
• History of prior chemoprophylaxis side effects
• Failure to use proper netting, repellents, or chemoprophylaxis

Acute fever with 2 or more of the 
following:

• Headache, retro-orbital pain
• Myalgias
• Arthralgias
• Rash
• Hemorrhagic complications 
Case occurred at the same time as 
other confirmed cases. 

Intestinal form: abdominal pain, bloody diarrhea
Hepatic form: hepatomegaly, portal hypertension, liver failure
Urinary form: hematuria, obstructive hydronephrosis/hydroureter, 
bladder cancer

Central nervous system: epilepsy, increased intracranial pressure, spinal 
cord lesions

Pulmonary: cor pulmonale

Signs of Severe Malaria

Pitfalls in Making the Diagnosis
of Malaria

High-risk Travel Associated with Malaria

Symptoms of Chronic Schistosomiasis

Diagnostic Criteria 
for Dengue Fever

Supplement to Emergency Medicine Reports, January 5, 2009: “Uncommon but Important Infectious Diseases.”
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Trauma patients have a wide variety of presentations and
acuity, and range from healthy patients with minor injuries
to patients with extensive
medical histories and major
trauma. The identification of
all injuries is critical for
appropriate management and
disposition of the trauma
patient. Resources that assist
with identification of injuries
or assessment of resuscitation
are valuable aids to the ED
physician and may help guide
diagnostic and treatment
options. Laboratory studies
are a resource routinely uti-
lized on trauma patients, but
their value and benefit depend
on the patient and clinical scenario. 

The authors review a variety of laboratory tests routinely
ordered on trauma patients and critically evaluate the value
of each tool and its use in the trauma patient.

— The Editor

Introduction

The Centers for Disease Control and Prevention estimates
that trauma is the source of
28.4 million emergency
department (ED) visits per
year.1 Patients with traumatic
injuries may be as minor as
the assessment of an isolated
ankle sprain to as complicated
as a critically ill, multi-organ-
injured geriatric patient with
many co-morbid medical con-
ditions. As such, treating
physicians and nurses are typ-
ically confronted with a wide
variety and acuity of trauma
patients and need to efficient-
ly evaluate patients using a

variety of resources. Laboratory studies are one of the
resources available to the ED physician. What is often
unclear is the value that laboratory studies add to the assess-
ment and disposition of trauma patients in the ED and other
acute care settings.
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This article will review the common laboratory evaluations
that may potentially aid in the assessment and treatment of
trauma patients. The goal of this review is to critically evaluate
the evidence that exists for ordering these tests and discuss
how they can best be used to diagnose and treat traumatically
injured patients. This article will also show how the existing
evidence for laboratory testing in trauma patients can guide the
use of these tests in particular trauma populations.

Resuscitation Assessment
One of the most common reasons for laboratory evaluation

of the trauma patient is to determine the initial volume deficit
and adequacy of resuscitation. Given that different patient
populations with traumatic injuries can present in a varied
manner as to their severity of injury, there have been multiple
studies attempting to determine what, if any, laboratory test
can best assess how well a patient has been resuscitated from
their initial injury.

Base Deficit. For many years, both the emergency medi-
cine literature and the trauma literature have contained stud-
ies pointing to base deficit as a marker of the need for resus-
citation in trauma patients.2,3 The base deficit is obtained
either by arterial or venous blood gas with an algorithmic
calculation of the deficit of bicarbonate given the measured
pH and pCO

2
. This value usually represents the presence of

lactate produced due to anaerobic metabolism from poor tis-
sue perfusion.

Recently, studies have found that base deficit correlates

well with mortality in certain populations vulnerable to trau-
matic injury, particularly the elderly. However, these studies
also indicate that base deficit data require careful interpreta-
tion. In the elderly, it may be that smaller measured based
deficits can still indicate life-threatening injury, when com-
pared to what is seen in younger seriously injured patients.4

Base deficit also appears to be an approximate marker of
the adequacy of resuscitation, though it has its limitations.
Some studies have suggested that base deficit can be falsely
reduced in the setting of saline resuscitation due to a dilution-
al effect, limiting its correlation with serum lactate.5,6 Howev-
er, in the acute setting, it appears that base deficit may help
stratify the severity of the injured patient at the volumes typi-
cally given in the initial ED or pre-hospital setting (2 liters of
normal saline).7

Given that base deficit has value in the initial assessment
and resuscitation of traumatically injured patients, it should
be considered a standard order in trauma patients at risk for
serious injury or requiring hospitalization.

Arterial and Venous Blood Gas. The question then aris-
es about how best to obtain an accurate base deficit meas-
urement. The most common means of acquiring blood to
measure base deficit is by blood gas, either from an arterial
or venous site. Although an arterial blood gas has the advan-
tage of providing accurate information on oxygenation in the
traumatically injured patient with such poor perfusion that
pulse oximetry is unobtainable, it requires an additional site
of cannulation during resuscitation, and it is more painful
for the patient. Venous blood gas can be obtained easily dur-
ing standard intravenous catheter placement but provides lit-
tle information about arterial oxygen saturation. A venous
blood gas is useful in assessing oxygen consumption and
venous oxygen saturation if obtained from a central site.
Additionally, there is evidence in the literature that blood
gases can reveal the presence of metabolic acidosis that
would otherwise be unsuspected in trauma patients during
their initial presentation.8

Various studies have assessed the correlation between cen-
tral venous and arterial blood gases in the trauma patient.
Malinoski et al found that in general, central venous blood
gases provided accurate and correlating values for pH, pCO

2
,

and base deficit, although knowledge of the exact range of
correlation was necessary for use in trauma resuscitation.9

Schmelzer et al found in one small study of 100 trauma
patients that venous base deficit may be a more accurate pre-
dictor of mortality, perhaps due to its superiority as a marker
of tissue perfusion.10 Finally, serum bicarbonate measurement
itself may correlate well with arterial base deficit, suggesting
that venous samples can be used in the initial evaluation of
the need for trauma resuscitation.11

Overall, there is evidence to support routine blood gas
analysis for base deficit and metabolic acidosis evaluation in
trauma patients suspected on initial history and physical
examination as being at risk of serious injury. However, the
decision as to whether to obtain a venous or arterial blood gas
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is best determined by the needs of the individual patient with
consideration of arterial oxygen saturation and tissue perfusion
status.

Lactate. Lactate production is a by-product of anaerobic
metabolism. Its measurement serves as an adjunct for assessing
the presence of tissue hypoperfusion and hypoxemia, a marker
that may be a valuable tool to determine which traumatically
injured patient is at risk for morbidity and mortality as well as
the adequacy of resuscitation. The measurement of lactate in
the evaluation of trauma patients often goes together with the
obtaining of arterial or venous blood gas to determine the pres-
ence of a base deficit.

The evidence in the most recent literature suggests that lac-
tate, as a more specific measurement of anaerobic metabolism,
may be a better predictor than base deficit for mortality and
perhaps even morbidity in the trauma patient. In a mixed popu-
lation of trauma and non-trauma patients admitted to a surgical
intensive care unit, Husain et al found that initial lactate level
correlated well with patient mortality in contrast to initial base
deficit, which did not. In addition, clearance of lactate within
24 hours was associated with a 10% incidence of mortality. The
mortality rate jumps to 24% if the lactate is not cleared by 48
hours and 67% if the lactate is not cleared at all. The patient’s
level of function at discharge also correlated with initial lactate
level and lactate clearance during resuscitation.12 Lactate also
appears to correlate well with standard assessment scores of
injury severity, indicating its value as a biochemical measure-
ment of trauma morbidity and risk of mortality.13 Finally, for
patients in the intensive care unit for prolonged periods of time,
lactate appears more predictive than base deficit for mortality.14

Alcohol and illicit drug use are recognized risk factors for
traumatic injury.15,16 Given that both of these can cause a meta-
bolic acidosis when ingested, the question arises as to whether
the presence of alcohol or illicit drugs on standard screening in
trauma patients confounds the utility of base deficit and lactate
as a potential assessment tool. Dunne et al studied more than
15,000 traumatically injured adults from 1998 to 2000, and
found that lactate and base deficit independently were predic-
tive of mortality and intensive care unit/hospital length of stay,
regardless of the presence of alcohol or illicit drug use at the
time of injury.17

Overall, lactate appears to correlate more accurately with
traumatic mortality than base deficit alone. For acute care
providers of trauma patients, lactate should also be part of the
standard laboratory evaluation of individuals deemed to be at
risk for serious injury requiring hospitalization. Lactate clear-
ance should be assessed over a 48-hour period to determine the
adequacy of resuscitation in the face of ongoing tissue hypoper-
fusion and hypoxemia.

Strong Anion Gap. While base deficit and lactate are useful
measurements in the laboratory evaluation of trauma patients,
they may also be integrated into one measurement by calculat-
ing the strong anion gap. Unlike a standard anion gap calcula-
tion ([Na+ + K+] - [Cl- + HCO

3
-]), the strong anion gap is calcu-

lated using additional cations and anions ([Na+ + K+ + Mg2+ +

Ca2+] - [Cl- + lactate (mEq/L)]). The advantage of this calcula-
tion in comparison to the standard anion gap calculation is that
it can differentiate the etiology of acute metabolic acidosis
more accurately in the critically ill patient, as shown in studies
in a variety of critical care settings.18,19

For patients presenting initially to the emergency depart-
ment with potentially serious traumatic injury, Zehtabchi and
colleagues found that strong anion gap could differentiate
severely ill versus not-severely ill trauma patients, though not
as well as base deficit.20 In contrast, Kaplan et al found that in
patients with major vascular injury from trauma to the torso or
extremity, strong anion gap was most predictive of mortality in
comparison to initial pH, standard anion gap, base deficit, and
lactate.21

Strong anion gap can be easily calculated from the initial
laboratory evaluation of trauma patients, but further study is
required to identify the timing and value in trauma resuscitation
that will provide the most useful information. It may be most
useful as a predictor for mortality in combination with other
markers of resuscitation such as base deficit and lactate. Table
1 lists those tests that are readily obtainable during the initial
trauma resuscitation that can be followed to determine adequa-
cy of resuscitation.

Coagulopathy
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Table 1. Trauma Laboratory Evaluation to
Assess Adequacy of Resuscitation

BLOOD GAS

Arterial and Venous — Assessment of pH and oxygenation 
(arterial blood gas)

Base Deficit — Assessment of state of tissue perfusion or 
presence of anaerobic metabolism

LACTATE

Assessment of presence of anaerobic metabolism and poor 
tissue perfusion

STRONG ANION GAP

Assessment of cause of metabolic anion gap acidosis — 
useful in differentiating whether due to traumatic injury 
versus other underlying medical conditions

STANDARD ANION GAP

Assessment of tissue perfusion and anaerobic metabolism 

BICARBONATE LEVEL

Assessment of tissue perfusion — indicates presence of 
anaerobic metabolism



The deadly triad of
hypothermia, acidosis and
coagulopathy has been linked
to a poor prognosis in trau-
ma patients. Clinically, this
condition is recognized by
continued bleeding from
wounds, access sites,
mucosal/serosal surfaces,
and formation of
hematomas at non-injury
sites despite interventions.22

Hypothermia, acidosis and
hemodilution, in the past
were thought to contribute
to coagulopathy. Dissemi-
nated intravascular coagu-
lopathy (DIC) can also be
associated with the coagu-
lopathy of trauma. Fat,
amniotic, or cerebral emboli
can result in DIC through
consumption of clotting fac-
tors. Pregnant patients
should be worked up for
coagulopathy. A high suspi-
cion should also be main-
tained with geriatric patients
for increased risk of bleed-
ing secondary to anticoagu-
lation medications. Labora-
tory studies that help determine the presence of coagulopathy
and DIC in particular include platelet count, prothrombin
time, activated partial thromboplastin time, fibrin split prod-
ucts and fibrinogen.23 Table 2 shows the tests that can be used
to assess for the presence of trauma-related coagulopathy and
DIC.

Resuscitation has traditionally focused on correcting
hypothermia and acidosis to prevent the development of coagu-
lopathy. Recently studies focusing on damage control resuscita-
tion and massive transfusion protocols have shown coagulopa-
thy to be present from the onset of injury, not just secondary to
fluid resuscitation and hypothermia.24-26 Acidosis leads to con-
sumption, dysfunction, and decreased production of coagula-
tion factors; while hypothermia inhibits platelet adhesion and
activation. Specifically, a pH ≤ 7.15 results in decreased activi-
ty of factor VIIa and factor Xa complexes, as well as a reduc-
tion in coagulation factors overall.22 While hypothermia and
acidosis have been major targets of resuscitation, recent studies
have indicated that intervention for coagulopathy should be ini-
tiated early in resuscitation. For patients requiring massive
transfusion, systolic blood pressure should be maintained at
least at 90mmHg with the use of plasma, packed red blood
cells, and possibly recombinant factor VIIa. Early interven-

tion with replacement of coagulation factors and platelets
results in decreased transfusion requirements. Recommenda-
tions for replacement varies from one to three units of fresh
frozen plasma for each transfused unit of packed red blood
cells.26

Hemoglobin vs Hematocrit
Hemorrhage is the second-leading cause of death related to

injury. Identifying hemorrhage early in resuscitation remains
a challenge. It has been suggested that initial hematocrit may
not accurately reflect blood loss because both plasma and red
cells are lost equally. As such, the utility of standard hemat-
ocrit versus hemoglobin testing as a determinant of ongoing
blood loss during trauma resuscitation has been questioned.
Nijboer et al compared hemoglobin and hematocrit levels in
trauma patients; they found both values to be equivalent in
their ability to indicate ongoing blood loss, with either being
useful in evaluation of trauma patients.27 Hematocrit may
therefore be as useful as hemoglobin in assessing ongoing
blood loss in the trauma patient. 

Bruns and colleagues performed a retrospective study
investigating the utility of early hemoglobin measurement for
identifying bleeding. Hemoglobin was measured at the bed-
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Table 2. Laboratory Evaluation for Trauma-related Coagulopathy and
Expected Findings during Disseminated Intravascular Coagulation (DIC)

PLATELET COUNT

Expected to be decreased during DIC from consumption

PROTHROMBIN TIME (PT)

Expected to be increased during DIC from consumption of clotting factors and poor clotting factor 
function

INTERNATIONAL NORMALIZED RATIO (INR)

Expected to be increased during DIC from consumption of clotting factors and poor clotting factor 
function

PROTHROMBOPLASTIN TIME (PTT)

Expected to be increased during DIC from consumption of clotting factors and poor clotting factor 
function

FIBRINOGEN LEVEL

Expected to be decreased during DIC from consumption due to rapid conversion to fibrin and 
other degradation products

FIBRIN SPLIT PRODUCT LEVEL

Expected to be increased during DIC from consumption of fibrinogen

D-DIMER

Expected to be elevated during DIC from increased intravascular clot formation and degradation



side within 30 minutes of arrival. Lower values correlated
with hemorrhage, as well as, increased heart rate, lower sys-
tolic blood pressure, lower pH and base deficit, increased
need for blood transfusion and volume resuscitation. They
found a hemoglobin < 10g/dL was associated with a greater
than three-fold increase in the need for intervention to control
the hemorrhage, and suggest that hemoglobin < 10g/dL be
used as an indication for an evaluation to identify an occult
site of hemmorhage.28 Zehtabchi et al studied serial hematocrit
measurements for identifying occult hemorrhage. They found
no relation between change in hematocrit and volume of intra-
venous fluids administered. A change in hematocrit > 5g/dL in
4 hours was found to be specific for major injury, though a
lack of decrease in hematocrit could not be used to exclude
major injury.29 In patients younger than age 55 with no heart
disease, a hemoglobin > 7g/dL should be maintained.23

Given that hemoglobin and hematocrit levels routinely are
acquired with complete blood counts, they may be used in
concert and in a serial manner to assess for the presence of
ongoing hemorrhage in trauma patients.

Leukocytosis
It is common for acute trauma patients to have a marked

leukocytosis on arrival to the hospital. This is felt to be due to
the cathecholamine and adrenergic response that accompanies
the physiological stress of trauma and the resultant demar-
gination of white blood cells in a classic acute phase reaction.
However, it does not appear that leukocytosis by itself can be
used as a marker for injury type or need for intervention.
Chang et al evaluated whether degree of leukocytosis on
arrival to the hospital correlated with severity of injury and
need for therapeutic intervention. They found that leukocyto-
sis was not associated with injury location or need for inter-
vention, but was correlated with injury severity.30

Morell and colleagues also found that leukocytosis corre-
lates well with injury severity and length of intensive care
stay after trauma, but did not study how it correlated with spe-
cific injury or need for intervention.31 Overall, the presence of
leukocytosis suggests a more severe injury in the trauma
patient, but is very non-specific and should not be used by
itself as determination of the need for further evaluation and
therapeutic intervention.

Chemistry Profile
It is common when traumatically injured patients present

in the acute care setting to obtain routine chemistry profiles,
consisting of serum electrolytes, bicarbonate, glucose, BUN,
and creatinine. However, studies to date have found little evi-
dence that this evaluation changes the management of non-
critically ill trauma patients. Tortella et al found that only 6
of 913 assessed patients presenting to the ED with traumatic
injuries required change in resuscitation plans due to the
findings on routine serum chemistry profiles despite 89% of
assessed patients having some abnormality on this lab test.

Those most likely to require change in treatment plan were
patients over age 50, patients on anti-hypertensive medica-
tions, and patients with a Glasgow Coma Scale (GSC) < 10.32

In a series of 500 trauma patients, Namias and colleagues
found that including amylase and coagulation profiles in
addition to a routine serum chemistry profile added little
information that would change resuscitative measures.
Patients required intervention in < 1% of abnormalities in
serum chemistry profiles or amylase, and < 5% of coagula-
tion profiles.33 The evidence indicates that routine chemistry
profiles provide little information that changes the initial
resuscitation of trauma patients and should not be ordered as
a matter of protocol.

Ionized Calcium
In contrast to routine chemistry profiles, there is evidence

to suggest initial ionized calcium level may be useful in
assessing the risk of mortality in trauma patients. Cherry et al
found that decreased ionized calcium was associated with pre-
hospital hypotension and increased mortality, regardless of
injury severity, age, or base deficit. This finding was not
expected given that acidosis results in decreased calcium
binding and increased levels of ionized calcium.34 Vivien et al
found that low ionized calcium levels may be due to the infu-
sion of colloid during resuscitation and severe tissue
ischemia/reperfusion injury.35 The evidence suggests that ion-
ized calcium should be measured in patients who are found to
be severely injured and potentially will require blood transfu-
sions as part of their resuscitation.

Glucose
While routine glucose measurement at initial presentation

does not often change initial treatment of trauma patients, poor
glycemic control in critically ill patients is associated with
increase mortality. Gale and colleagues found that in their
cohort of critically ill trauma patients requiring treatment in an
intensive care unit, maintenance of serum glucose below 140
mg/dL was associated with a decreased mortality rate of 22%
versus 9% in the controlled population. This effect was more
pronounced in non-diabetic patients (9% mortality vs 32%
mortality).36 For patients who are critically injured, it is neces-
sary to aggressively control serum glucose, often using intra-
venous insulin drips with frequent blood glucose evaluation.

Cardiac Markers
The diagnosis of myocardial contusion following blunt

chest trauma remains a challenge. Patients can present with a
wide range of signs and symptoms including dysrhythmia,
myocardial infarction and cardiac tamponade. Plautz et al pre-
sented two cases of post-traumatic myocardial infarction with
evaluation by ECG, serum cardiac markers, and echocardio-
gram. Both cases exhibited ST-elevation on ECG. Sinus
tachycardia is the most common finding on ECG evaluation
for cardiac injury; nonspecific ST-T wave changes, conduc-

Special Editorial Supplement/Trauma Reports 5



tion abnormalities, right bundle branch block, interventricular
delay, and ST elevation/depression also may be associated
with myocardial contusion. Cardiac markers also have poten-
tial for use in conjunction with an ECG. Normal troponin lev-
els six hours after injury combined with a normal admission
ECG in a stable patient can exclude significant blunt cardiac
injury.37 In patients with suspected cardiac injury, ECG and
cardiac markers should be obtained as part of the ongoing lab-
oratory evaluation of the patient.

Recent studies focusing on the utility of B-type natriuretic
peptide (BNP) as a marker for early blood loss in trauma
patients have not been definitive. Kia et al found correlation
between BNP levels, intravascular volume loss, and drop in
hemoglobin levels. BNP levels below-normal (≤ 5) on admis-
sion were associated with need for intravascular volume
repletion, transfusion, or decrease in hemoglobin of 3 g/dL.38

Further studies are needed before routine BNP levels are
obtained during trauma resuscitations. Given that many
patients with underlying congestive heart failure can have ele-
vated BNP levels but remain asymptomatic, the utility of BNP
in routine laboratory testing of the trauma patient is question-
able until a targeted patient population can be identified.

Drug / Alcohol Screening
The incidence of alcohol and drug intoxication amongst

trauma patients is high. Some studies cite up to a 50% preva-
lence of alcohol intoxication at the time of trauma.39 Demetri-
ades et al studied the relationship between alcohol and illicit
drug use and injury severity and traumatic fatalities. A high
percentage (42.7%) of fatalities tested positive for alcohol or
illicit drugs. The prevalence of a positive screen was greater in
patients of male sex, age 15–50, Hispanic or African American
race, and in those with penetrating traumatic injury.40 Addi-
tionally, drug and alcohol use in pregnant patients is prevalent,
and routine testing of this patient population is advocated.41

Tien and colleagues studied the relationship between alco-
hol and severe traumatic head injury. Their results support
findings of potential neuroprotective effects of low doses of
alcohol in brain injury. Patients with levels < 240mg/dL
demonstrated improved mortality versus patients with no
alcohol detected. The protective effects of alcohol may be
attributed to inhibition of excitotoxicity at the NMDA-recep-
tors. High alcohol levels (> 240 mg/dL) correlated with
increased mortality in patients with severe brain injury.39

While this one study’s result raises the intriguing possibility
of alcohol having neuroprotective properties in brain injured
patients, further investigations are required prior to consider-
ation in clinical practice. What is clear is that the high preva-
lence of illicit drug and alcohol use among trauma patients
requires that their presence be screened for as part of the ini-
tial assessment. This information can aid in discovering the
etiology of injury and provide prognostic information.

Urinalysis / Urine Pregnancy Testing
Bladder injury can be an occult, but devastating, traumatic

injury. Assessing for this injury often requires cystography to
determine if the bladder is intact and if a bladder rupture is
intra- versus extra-peritoneal. Previously, acute care providers
used the urinalysis, specifically the presence of greater than
50 red blood cells/high powered field to determine the need
for invasive testing for bladder injury. However, this approach
would result in numerous patients with microscopic hematuria
undergoing cystography despite their hematuria being due to
non-traumatic causes. Recent studies have found that gross
hematuria is both sensitive and specific for bladder injury and
that urinalysis with microscopic hematuria adds little to this
evaluation.42 As such, routine urinalysis is not necessary in the
laboratory evaluation of trauma patients. However, urine preg-
nancy testing is vital in reproductive-age females who have
suffered trauma, as the presence of pregnancy can affect med-
ication choices, diagnostic evaluation, and treatment options.

Special Populations
Pregnancy. Trauma in pregnancy focuses on evaluation of

the mother and fetus, and ß-HCG testing should be performed
on all female patients of childbearing age. Additional initial
laboratory studies include hemoglobin, hematocrit, coagula-
tion studies, type and cross match, fibrinogen, urinalysis,
urine drug screen, alcohol level, serum bicarbonate, blood
gas, lactate, and Kleihauer-Betke (KB) test. Liver function
tests may also be useful to evaluate for abdominal injury.
Blood gas, lactate, and serum bicarbonate may be used to
evaluate for maternal acidosis, which studies have correlated
with fetal outcome.43 Patteson et al found abnormal coagula-
tion studies, serum bicarbonate, low diastolic blood pressure,
and respiratory rate to be most predictive of maternal–fetal
outcomes in traumatically injured pregnant women. In addi-
tion, they found that gestational age also correlated with fetal
outcome.41 Fibrinogen may be useful to evaluate for placental
abruption and disseminated intravascular coagulopathy. Nor-
mal fibrinogen levels should be concerning for DIC, as levels
are elevated in pregnancy.44 Patteson and colleagues also
found that D-dimer testing is useful to evaluate for thrombosis
or fibrinolysis abnormalities.41

The KB test is a marker of fetomaternal hemorrhage and
uterine-placenta trauma, which is associated with increased
risk of preterm labor. Meroz et al suggest performing a KB test
on all patients with a pregnancy > 12 weeks.44 An Rh-negative
patient with a positive KB test should receive Rh-immune
globulin. There is debate over whether the KB test correlates
with placental abruption, and studies have shown conflicting
results. Cahill and colleagues did a prospective study investi-
gating the risk of placental abruption or adverse outcomes in
patients > 24 weeks gestation with minor trauma. Of nine
patients with a positive KB test, only one patient had a placen-
tal abruption. They suggest physical exam, fetal assessment,
monitoring, and patient counseling for warning signs/symp-
toms of abruption in patients > 24 weeks with mild trauma.45

In the lab evaluation of the traumatically injured pregnant
female, therapy focused on the mother’s well being will also be
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beneficial to the fetus and lab evaluation in this patient popula-
tion requires some additions, such as the KB test to aid in the
treatment of the mother and prevention of harm to the fetus.

Pediatric. The pediatric trauma patient population raises
specific challenges in laboratory evaluation. Routine testing
can easily agitate and traumatize already vulnerable
younger patients. Careful consideration in the ordering of
laboratory testing is warranted. Keller et al questioned the
utility of routine laboratory studies in pediatric trauma
patients, where diagnostic imaging plays a key role in man-
agement. In their review, hypokalemia, hyperglycemia, and
coagulopathy were associated with intracranial injuries, a
low CO

2
correlated with a worse outcome, elevated

transaminases suggested liver injury, and hematuria predict-
ed intra-abdominal injury. While the presence of laboratory
abnormalities correlated with injury severity scoring, they
often did not result in interventions or changes in manage-
ment. The authors suggest performing a screening hemat-
ocrit and urinalysis on all patients, coagulation studies if
GCS < 15, and additional laboratory testing based on the
physical exam.46

Blunt trauma is common in children, especially blunt
abdominal trauma. Some advocate that patients with low
suspicion for intra-abdominal injury may be managed with
laboratory studies (hemoglobin/hematocrit, transaminases,
urinalysis), +/- ultrasound, and observation in place of CT
scans. Amylase and lipase may also be useful aids for the
diagnosis of pancreatic injuries. Controversial is the exis-
tence of a specific value of a transaminase that excludes a
liver injury. Some studies have suggested aspartate amino-
transferase (AST) > 400 and alanine aminotransferase
(ALT) > 250 correlate with hepatic injury. However, a
review by Karam et al found that low transaminases could
not be used to exclude hepatic injury. Of the 16 patients
with liver injury, 10 had AST < 450 and 7 had ALT < 250.47

For pediatric patients with intra-abdominal injury who are
hemodynamically stable, management has shifted to a non-
operative approach. In addition to radiologic imaging,
patients are monitored with serial laboratory studies,
including hemoglobin/hematocrit, electrolytes, liver func-
tion tests (LFTs), and lactate levels. 

Cardiac injury in pediatric patients is uncommon. As
with adult patients, no gold standard exists for the diagno-
sis: similar to adult patients, cardiac markers may also have
some utility. While studies have shown CK-MB to have a
low sensitivity and specificity, elevated troponin I has been
associated with injury. Normal troponin levels should be
repeated 4 to 6 hours after the initial screening test to
exclude cardiac injury if initially suspected. ECGs may be
normal or show non-specific changes and a normal ECG
does not exclude injury. Left ventricular injury may show
new Q waves or ST abnormalities, while right ventricular
injury may produce a right bundle branch block, AV block,
or ventricular arrhythmias. ECGs should be repeated when
there is major blunt chest trauma.48 Overall, judicious selec-

tion of what laboratory testing pediatric trauma patients
should receive is advised based on the initial clinical histo-
ry and physical examination.

Geriatric. Trauma is the fifth leading cause of death in
patients older than 65 years of age. Despite comprising only
12% of trauma patients, the elderly represent 28% of deaths
related to trauma. Confounding the management of geriatric
trauma patients are their co-morbidities and multiple medica-
tion regimens. Electrolytes, LFTs, and blood glucose should
be part of the initial laboratory studies because of the preva-
lence of diabetes, liver disease, and renal disease in the geri-
atric population. A screening blood gas and lactate should be
drawn to look for hypoperfusion and guide resuscitation. An
ECG should be performed to look for arrhythmias or acute
ischemic events.49

Coagulation studies should also be part of the initial evalua-
tion of a geriatric trauma patient. The high-incidence of falls
and motor vehicle accidents, combined with the use of war-
farin, clopidogrel, and aspirin leads to increased risk of bleed-
ing. Pieracci et al studied the relationship between anticoagu-
lation and traumatic brain injury in elderly patients. There was
no statistical significance between use of clopidogrel and
intracranial hemorrhage or aspirin use and intracranial hemor-
rhage. Patients with INR ≥ 2 had an increased likelihood of
intracranial hemorrhage and mortality, lower GCS, and more
severe brain injuries.50 Aschkenasy and Rothenhaus cite an
increased risk of death in aspirin and clopidogrel patients with
intracranial injury.49 Geriatric trauma patients present the com-
pounded issue of disease due to injury as well as underlying
medical conditions that lead to a reduced ability to recover
compared to non-elderly patients without chronic medical ill-
nesses. Therefore, liberal laboratory evaluation from the onset
of resuscitation can help with what is often a multi-pronged
management of both trauma- and non-trauma-related factors
for recovery.

Routine Laboratory Testing
Based on the above discussion of currently available evi-

dence, the question arises as to what should constitute routine
laboratory testing in the trauma patient. This question is chal-
lenging, as there is minimal evidence to suggest that routine
comprehensive laboratory testing is useful in trauma patients
as a whole. However, specific situations should guide the need
for specific laboratory testing.

A thorough history and physical examination of the trauma
patient should be the first step in determining the need for lab-
oratory testing. In the injured patient, this should include both
an understanding of the mechanism of trauma as well as the
underlying medical and medication history that preceded the
injury. Only with such a history can treatment providers deter-
mine how best to assess the patient. For example, a patient
who presents with back pain after a fall who is otherwise
healthy may require little beyond analgesia, while a patient on
coumadin due to a previous heart condition may require exten-
sive observation and serial hemoglobin measurements along
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with blood gas, coagulation studies, and lactate measurements
to evaluate for the presence of internal hemorrhage.

Physical examination also plays a crucial role in the deter-
mination of how best to order a targeted laboratory evaluation
in the trauma patient. Rather than ordering on every patient
every conceivable laboratory test, physical examination can
narrow what tests should be assessed. For example, a high-
energy motor vehicle accident in which the patient only had a
shoulder belt on with steering wheel impact and deformity
and resultant chest injury may require serial cardiac markers
and ECG assessment. The presence of gross blood on urina-
tion mandates the evaluation for bladder injury, usually by
cystography. A clearly gravid female trauma patient would
raise the issue of fetal compromise and maternal–fetal hemor-
rhage that would result in the ordering of a KB test. Overall,
the combination of history and physical examination can aid
in decisions of how best to assess the trauma patient from the
laboratory perspective.

Laboratory Testing Based on Degree of Trauma
Once the initial history and physical examination is per-

formed on a trauma patient, the severity and potential for
injury should be more readily apparent. This will guide acute
care providers as how to best evaluate these individuals using
laboratory testing. Low-mechanism injury patterns in healthy
individuals generally do not require laboratory testing. This
may range from patients with injuries as simple as an ankle
sprain to those in low-energy motor vehicle accidents (e.g.,
<25 mph, ambulatory at scene, full restraints with no airbag
deployment). In such patients, laboratory testing is superflu-
ous. As discussed above, most large-scale studies on the utili-
ty of lab testing in trauma have only found support for utility
of testing in more seriously injured patients or patients
requiring serial evaluations.

In contrast, low-energy mechanisms affecting medically
fragile patients require a more extensive laboratory evalua-
tion. The classic example would be an elderly patient who
falls and has a brief loss of consciousness. Should the history
reveal that the patient takes anti-coagulation medication, the
ordering of hemoglobin/hematocrit and coagulation profiles
would be warranted. A physical examination finding of a
pacemaker/defibrillator in a patient amnestic to the event
should prompt consideration of cardiac etiologies, such as
arrhythmias and myocardial ischemia/infarction; diagnostic
testing would include ECG and cardiac markers. Overall,
knowledge of the underlying medical and surgical history of
the patient will aid in determining whether more extensive
testing is required.

In young, healthy patients with high-energy/risk-traumatic
injuries, the laboratory testing algorithm should be focused
on obtaining information that can be assessed in a serial
manner. For example, a young, healthy female involved in a
high-speed motorcycle collision who presents with hypoten-
sion will require assessment of the adequacy of resuscitation
from initial injury to discharge from the hospital. In this case,
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Table 3. Optimal Laboratory Evaluation 
of Trauma Patient Based on Energy of 
Mechanism and Underlying Health Status 

LOW-ENERGY AND HEALTHY PATIENT

History and physical examination alone typically suffices

Imaging of affected area(s) as needed

HIGH-ENERGY AND HEALTHY PATIENT

History and physical examination

Complete blood count, blood gas, serum lactate, drug/alcohol
testing, and urine pregnancy test in reproductive-age females

If hospitalized, metabolic profile, glucose, ionized calcium;
coagulation profile if transfusion is anticipated

LOW-ENERGY AND MEDICALLY FRAGILE PATIENT

History and physical examination to determine cause of 
trauma

Low threshold for ECG and cardiac markers in patients with 
history of syncope or unexplained falls

Complete blood count and coagulation profiles in patients 
on blood-thinning medications

Medication levels where appropriate (seizure and cardio-
vascular agents)

HIGH-ENERGY AND MEDICALLY FRAGILE PATIENT

History and physical examination to determine cause of 
trauma, underlying health status and nature of injuries

Complete blood count, coagulation profile, blood gas, serum 
lactate, metabolic profile, glucose, ionized calcium, medica-
tion levels, ECG, and cardiac markers

PREGNANT WOMEN

Kleihauer-Betke testing in addition to above assessment 
based on energy of mechanism and health status

PEDIATRIC PATIENTS

Greater emphasis on history, physical examination and 
extended period of observation as opposed to extensive 
laboratory evaluation

Complete blood count serially if concern for ongoing 
hemorrhage



it is recommended at a minimum to order a complete blood
count, arterial or venous blood gas (depending on ability to
assess oxygenation), serum lactate, drug/alcohol screening
(given the high incidence of use in traumatically injured indi-
viduals and their contribution to particular injury patterns
and outcomes), and urine pregnancy testing. Should the
patient require admission to the hospital, other measurements
will be required to modify the patient’s treatment plan,
including glucose, metabolic profiles, and potentially ionized
calcium levels and coagulation profiles, if blood product
transfusion is expected or coagulopathy is a concern. In
essence, the higher-energy mechanism of trauma will add to
the scope of laboratory testing regardless of initial health sta-
tus of the patient.

For the medically fragile or geriatric trauma patient with a
high-energy injury mechanism, liberal laboratory testing is
recommended. Acute care providers, in this case, are dealing
with two patients — a trauma patient and an acutely ill med-
ical patient. Nearly all the tests described in this article will
be useful and should be ordered. 

Hemoglobin and hematocrit are necessary, as many of
these patients start with a baseline anemia and may require
blood product transfusion at an earlier stage, especially if
they have an underlying cardiac condition. Coagulation pro-
files aid in the assessment of the many patients on anticoagu-
lants requiring emergent reversal of their blood-thinning sta-
tus. Blood gas and lactate levels help to determine adequacy
of resuscitation and can be supplemented with the strong
anion gap calculation. Similarly, chemistry profiles can pro-
vide invaluable information regarding underlying renal sta-
tus, need for aggressive blood sugar management, and future
prognosis based on ionized calcium levels. Drug levels can
also aid in the assessment of the underlying cause of injury,
as in the case of supratherapeutic dilantin or digoxin levels
leading to metabolic derangements that cause elderly patients
to fall and injure themselves. 

Finally, cardiac evaluation can aid in the understanding of
the underlying etiology of the trauma, as in the case of
myocardial ischemia/infarction, as well as monitoring for
ongoing cardiac injury from trauma. Overall, elderly patients
involved in high-energy trauma are at much higher risk of
morbidity and mortality than the young, requiring extensive
laboratory testing to allow for improved treatment measures
and outcomes. Table 3 provides an overview of optimal labo-
ratory testing of the trauma patient based on the energy of the
traumatic mechanism and the underlying medical status of the
patient.

Pediatric patients represent a special population in trauma.
Their laboratory assessment should be focused based on initial
history and physical examination, as in the adult population.
Multisystem trauma may require extensive testing as previous-
ly described in adults, but often, history and physical examina-
tion with the potential addition of hemoglobin to assess for
ongoing hemorrhage along with careful observation over time
is more useful than extensive serum laboratory tests.

Conclusion
The laboratory evaluation of the trauma patient should be

focused and based on the underlying health issues, mecha-
nism of injury, and the patient’s history and physical condi-
tion. Treatment providers should use their initial clinical his-
tory and physical examination to guide the selection of testing
and understand the limitation of the findings in these tests.
Future studies will likely refine and add to the repertoire of
available laboratory testing in the trauma patient to aid in
their management.

CME Questions

1. The base deficit is:

A. a measurement of the deficit of bicarbonate given the measured

pH and pCO
2

on blood gas.

B. a measurement of ionized calcium in a trauma patient.

C. often due to the presence of ketones in the severely injured 

trauma patient.

D. definitive in ruling out severe traumatic injury.

2. Elevated lactate level in a trauma patient:

A. indicates adequate tissue perfusion and resuscitation.

B. proves the presence of anaerobic metabolism.

C. correlates poorly with trauma-related morbidity and mortality.

D. causes a metabolic alkalosis.

3. The strong anion gap calculation is:

A. [Na+ + K+]-[Cl- + HCO
3
-].

B. 2Na+ + BUN/2.8 + Glucose/18 + Ethanol/4.2.

C. 0.8 (normal albumin–patient’s albumin) + serum calcium.

D. [Na+ + K+ + Mg2+ + Ca2+] - [Cl- + lactate (mEq/L)].

4. Lab studies that can help specifically diagnose coagulopathy

include:

A. metabolic profile, glucose, and KB test.

B. base deficit, strong anion gap.

C. platelet count, PT, PTT, fibrinogen, fibrin split products.

D. amylase, lipase, liver function tests.

5. The time after injury required to rule out suspected cardiac trauma

using troponin is (in hours):

A. 4

B. 6

C. 12

D. 24

6. It is a general recommendation that patients younger than age 55

with no history of cardiac disease be maintained with a hemoglobin

greater than:

A. 5 g/dL

B. 7 g/dL

C. 10 g/dL

D. 12 g/dL
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7. What urinary finding is associated with traumatic bladder injury?

A. Gross hematuria

B. Microscopic hematuria

C. Microscopic pyuria

D. Microscopic epithelial cells

8. The Kleihauer-Betke test is an indication of:

A. trauma to the liver.

B. trauma to the kidney.

C. mixing of maternal and fetal blood.

D. trauma to the lungs.

9. The prevalence of alcohol use in trauma patients may be as high as:

A. 20%.

B. 30%.

C. 40%.
D. 50%.

10.What lab finding in the elderly trauma patient has a direct correlation

with increase mortality/morbidity from brain injury?

A. Hyponatremia

B. INR

C. Hypercalcemia

D. Hypoglycemia

Answers: 1. A; 2. B; 3. D; 4. C; 5. B; 6. B; 7. A; 8. C; 9. D; 10. B.
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Overcrowded Emergency Department
Leads to Lawsuit Over EMTALA
By Robert A. Bitterman, MD, JD, FACEP, Contributing Editor

Apatient, Scruggs, presented to Danville (VA) Regional Medical Center (DRMC) ED
about 2 a.m. complaining of two days of prolonged dry heaves. He was triaged in
the usual manner, prioritized as “non-urgent,” and instructed to wait in the waiting

area until his name was called. The court pointedly noted that the triage nurse failed to docu-
ment the patient’s “diabetic ketoacidosis condition or his history of diabetes.”1

Almost 12 hours later, Scruggs was finally examined by the emergency physi-
cian on duty, who learned of the history of diabetes, conducted a full examination,
and noted the patient to be tachycardic. The physician ordered intravenous fluids,
oxygen, a cardiac monitor, and laboratory tests, which included a blood glucose.
An hour later, an ED nurse found Scruggs unresponsive and in cardiopulmonary
arrest. He was successfully resuscitated, admitted to the hospital, and recovered to
be eventually discharged home. 

Plaintiff Scruggs sued and alleged that the hospital violated EMTALA for “fail-
ing to provide an appropriate and prompt medical screening examination,” claim-
ing that the hospital staff ignored his repeated pleas for help.1 (Emphasis added.)
Furthermore, he asserted that triage alone is not a medical screening exam (MSE)
and the nurse’s triage of him was insufficient to meet the hospital’s screening duty
under the law. 

The defendant hospital moved to dismiss the lawsuit and argued that the com-
plaint failed to set forth facts sufficient to establish that it failed to provide an
“appropriate” medical screening examination, as that term is defined under
EMTALA by the federal courts. The hospital asserted that Scruggs’ claim was sim-
ply one for negligent triage and that EMTALA is not a substitute for state law
medical negligence claims.1

The court’s opinion
The court agreed with the hospital that an “appropriate” medical screening

exam (MSE) refers to the hospital’s process of screening patients and whether it
was applied uniformly to all patients presenting with similar complaints. The court
also acknowledged that “triage is a necessary part of emergency care utilized to
determine the priority by which patients are examined,” but then emphasized that
“triage is not the equivalent to a MSE and merely determines the order by which
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