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Abstract. Asymptomatically infected patients with falciparum malaria may develop
symptomatic malaria infection secondary to injury or surgery. This complication in-
creases the risk for postoperative wound infection and adds to the burden of trauma.
The aims of the present study were to investigate the preventive effect of early anti-
malaria treatment of Plasmodium falciparum infected trauma patients, and to study the
validity and accuracy of a rapid test to identify those infected. An open, non-random-
ized, interventional multi-center, cohort study was carried out at six district hospitals
in northwestern Cambodia. Two hundred twenty-two trauma patients was examined
for P. falciparum by dipstick test soon after injury. The patients testing positive were
immediately treated with artesunate-mefloquine. A subset of 108 patients from Pailin,
an area considered highly endemic for falciparum malaria, was used for the main
analysis. Of 28 P. falciparum rapid test-positives, 21 developed symptomatic post-
injury malaria despite early antimalarial treatment. The agreement between the dip-
stick test and blood smear examination was good (kappa 92.5; 95%CI 84.5 - 100). Early
pre-operative treatment of parasite carriers does not seem to prevent symptomatic
malaria after injury and surgery. The rapid test for falciparum malaria was reliable in
early identification of asymptomatic P. falciparum infected patients.

commonly provokes a severe attack of ma-
laria with marked hemolysis and possible
cerebral involvement. Fever within 48 hours
of surgery is most likely malaria. Any pa-
tient with a hemoglobin below 9 g/dl needs
investigation. Those in whom malaria para-
sites are found should have a course of anti-
malarial treatment and surgery should be
delayed for several days. In an emergency
situation, antimalarial drugs may be started
soon after surgery” (Gordon and Alimuddin,
2008). Some surgical centers in malaria-en-
demic areas recommend routine antimalarial
chemoprophylaxis for patients undergoing
surgery (Gibney, 1990). The problem of post-

INTRODUCTION

Post-operative malaria attacks are a
known problem for surgeons working in
Plasmodium falciparum endemic areas. As
stated in Manson’s Tropical Diseases: “Many
patients, especially children, may remain fit
to work and play but can have malarial para-
sites in their blood. The stress of surgery
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operative malaria is of clinical importance;
in previous studies from Cambodia we re-
ported that more than one third of trauma
victims living along the Thai-Cambodian
border developed postoperative symptom-
atic malaria, the prevalence increasing with
increasing injury severity (Husum et al,
2002). The complication adds to the burden
of disease; we found that post-injury malaria
enhances the risk for bacterial wound infec-
tions and prolongs recovery after surgery
(Sundet et al, 2004; Heger et al, 2005). The
problem of post-injury malaria is of global
importance; the communities in Latin
America, Africa and Asia hardest struck by
local wars, land mines, and natural disasters
also host the falciparum parasite. As many
as 85% of the Southeast Asian population of
1,200 million people are cohabitants with the
parasite, 35% of them are estimated to live in
moderate to high-risk areas (WHO, 2003).

Persons living in areas where Plasmo-
dium falciparum malaria is highly endemic
acquire natural immunity. However, the ac-
quired immunity is rarely, if ever, sterile; im-
mune individuals living in highly endemic
areas without symptomatic disease almost
always have low-grade blood parasitemia.
The immunity is thus a protection against
symptoms but not against the parasite itself.
T cells play a crucial role in both induction
and maintenance of this immunity. CD8 + T
cells are the principal effector cells against
pre-erytrocytic stages of malaria parasites,
and an increase in the capacity to produce P.
falciparum-specific and non-specific INF-
gamma appear to be the main cellular corre-
lates of naturally acquired immunity (Troye-
Blomberg et al, 1994; Stevenson et al, 1995;
Doolan and Martinez-Alier 2006; Schofield
and Mueller, 2006). Trauma, hemorrhage, and
surgery affect inflammatory mediators and
cause immunodepression with risk for bac-
terial infections due to impairment in cell-me-
diated immunity. This causes us to consider

if post-traumatic immunodepression also
causes susceptibility to malaria infection in
asymptomatic parasite carriers.

Trauma and surgery result in impaired
cellular immunity with the result of aTH1/
TH2 shift with down-regulation of the pro-
inflammatory cytokine INF-gamma and up
regulation of IL-10. IL-10 has been shown to
suppress protective immunity against ma-
laria. IL-12-induced protection against blood-
stage parasites requires INF-gamma. Induc-
tion of a strong TH2 response early in the in-
fection may result in a severe or even lethal
outcome to the malaria infection (Faist et al,
1996; Menger and Vollmar, 2004). One could
postulate that the immune response to ma-
laria is impaired due to the TH1/TH2 shift,
and this may be a reason why asymptomatic
malaria infected patients are at risk for de-
veloping symptomatic post-injury malaria.

Down-regulation of the immune re-
sponse is initiated within hours of injury.
One would think injured asymptomatically
malaria infected patients would benefit from
early antimalarial treatment, especially in
scenarios where prehospital transit times are
long. Dipstick rapid-tests for falciparum ma-
laria make it possible to identify those in-
fected with the malaria parasite early. How-
ever, the sensitivity and specificity of the dip-
stick tests in trauma patients remains to be
investigated.

The primary aim of the trial was to
study the effect of early in the field diagno-
sis and treatment of injured P. falciparum
asymptomatically infected patients using the
rate of postoperative symptomatic malaria
as the main outcome. The second study aim
was to examine the diagnostic validity and
accuracy of a dipstick test for in the field P.
falciparum identification.

MATERIAL AND METHODS

This was an open, non-randomized,
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interventional multi-center cohort study
which began in May 2002 and concluded in
October 2005.

Study population

The study area was located in the most
land mine infested part of Cambodia with a
high incidence of land mine injuries and
road traffic accidents (Fig 1). The study area
has previously reported a high prevalence
of P. falciparum infection (Husum et al, 2002)
although rates have decreased over the past
five years.  Trauma paramedics operate in a
local trauma system, the Trauma Care Foun-
dation (TCF), and provide early in-field life
support before evacuating trauma victims to
rural district hospitals for primary trauma
surgery. Patients with light injuries not need-
ing hospital admission, female patients dur-
ing the first trimester of pregnancy, patients
with known liver disease, patients evacuated
to hospitals outside Battambang Province
and patients treated recently with quinine
within 24 hours were excluded from the
study but those treated with antimalarials
more than 24 hours previously were not ex-
cluded.

Test and treatment

Paracheck Pf® (dipstick test, Orchid Bio-
medical Systems) is a rapid self performing,
qualitative, two-site sandwich immunoassay
for determination of P. falciparum specific
histidine rich protein -2 (Pf HRP-2) in whole
blood samples. PfHRP-2 is a water soluble
protein released from parasitized erythro-
cytes of infected individuals and is assumed
to be specific to P. falciparum. Initial antima-
larial treatment was given according to Cam-
bodian national standards (WHO, 1990).
One initial dose of Artemeter or artesunate
3.2 mg/kg was given as a single intravenous
injection to all test-positive study patients
as soon as possible after injury, preferably
before surgery.  Further in-hospital treatment
of P. falciparum infected patients consisted of

two doses of Artemeter 1.6 mg/kg followed
by a single oral dose of mefloquine 20 mg/
kg. In patients with postoperative symptom-
atic malaria infection further treatment was
given according to the Cambodia national
guidelines (WHO, 1990). Fake antimalarial
drugs have been reported in Southeast Asia
(Rozendaal and Thy, 1999). The pharmaco-
logical composition of random artemisin
samples used in the study was therefore de-
termined at the University Hospital North
Norway. This analysis confirmed molecule
mass and concentration of racemic artemeter
according to specifications given by the pro-
ducer. The paramedic providing immediate
life support at first encounter, during evacu-
ation and in the hospital emergency room,
when the patient was initially stabilized per-
formed the dipstick test and gave immedi-
ate antimalarial treatment to all test-positive
patients. Blood smears of all trauma patients
were taken on hospital admission. In pa-
tients developing symptomatic post-injury
malaria, smears were also taken during the
course of treatment.

Variables and data gathering

The main outcome variable in the study
was post-injury malaria infection defined as
a positive blood smear for malaria and
fever in a trauma patient. Cases with post-
injury malaria infection were further classi-
fied as either non-complicated or severe in
accordance with classification criteria in the
WHO guidelines (WHO, 1990). Demo-
graphic factors, diagnosis, life support pro-
cedures, and time factors were registered by
the medics providing care (Fig 2). The physi-
ological severity score (PSS) similar to the
Revised Trauma Score (Champion et al, 1990)
was registered at the first medic encounter
in the field and again on hospital admission.
The difference in PSS ratings (  PSS) was
used as an indicator for prehospital treat-
ment effect (Table 1). The Injury Severity
Score (ISS) was used to classify the anatomi-
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cal injury severity (Association for the Ad-
vancement of Automotive Medicine, 1998).
The hospital staff registered outcome vari-
ables, previous history of malaria, hemoglo-
bin on admission, duration of surgical op-
erations, volume of blood transfused, and
nutritional status based on clinical assess-
ment (Fig 2). Cases with positive blood
smears and hyperpyrexia (≥40.0ºC) were
classified as having severe malaria (http://
www.biomedcentral.com/content/pdf/
cc2183.pdf; http://www.medal.org/visitor/
www%5CActive%5Cch24%5Cch24.01%5Cch
24.01.07.asp). The study data were collected
and validated monthly by the study super-
visor (SCH). All data were translated to En-
glish by experienced Khmer medical staff.

Statistical analysis

Assumed continuously distributed vari-
ables are expressed by mean values with 95%
confidence intervals (95%CI) constructed by
the Student procedure (Kleinbaum, 1997).
Variables of time-to-event type are expressed
by Kaplan-Meier plots (Agresti, 2002). Cat-
egorical data are expressed in contingency
tables. Prevalences and proportions are
given in percentages with 95% confidence
intervals constructed by the Bernoulli pro-
cedure (Kleinbaum et al, 1998). Kappa esti-

mates (κ) with 95 % confidence intervals
were used to measure the agreement be-
tween methods of discrete recording. Com-
parison of groups based on continuous vari-
ables was performed using Analysis of Vari-
ance. Contingency table analysis was used
for comparison of groups regarding categori-
cal data. All comparisons of groups were
performed two-tailed, differences were con-
sidered significant if p<0.05.

Ethical considerations

According to Cambodian national stan-
dards all patients with confirmed falciparum
parasitemia immediately treated with
antimalarials. For this reason the study was
not designed as a randomized controlled
trial. The study protocol was approved by
the National Malaria Center in Phnom Penh
and all data processed according to permis-
sion from the Norwegian Social Science Data
Service (ref no. 13702).

RESULTS

The total study sample consisted of 32
women and 190 men, with a mean age of
27.5 years (range 2 - 64 years). Of these pa-
tients, 30 were falciparum dipstick test-posi-
tive. Two patients were excluded because

Rating 4 10-29 4 13-15 4 >89
3 >29 3 9-12 3 76-89
2 6-9 2 6-8 2 50-75
1 1-5 1 4-5 1 1-49

Conversion factor 0.2908 0.9369 0.7326

PSS 1.1632 3.7476 2.9304
0.8724 2.8107 2.1978
0.5816 1.8738 1.4652
0.2908 0.9369 0.7326

Table 1
Physiological Severity Score (PSS) as a function of physiological indicators.

Respiratory Level of Systolic blood
rate/minute consciousness pressure (mmHg)
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Criterion Material Classification Study Kappa with
patients 95% CI

Negative Positive (total)

Blood smear Total sample Negative 89 3 92
Positive 0 24 24 92.5 (84.5 - 100)
Missing data 103 3 106
Sum 192 30 222

Pailin subsample Negative 51 2 53
Positive 0 23 23 93.9 (85.5 - 100)
Missing data 29 3 32
Sum 80 28 108

Blood smear Total sample Negative 72 5 77
+Fever Positive 0 21 21 86.1 (74.1 - 98.1)

Missing data 120 4 124
Sum 192 30 222

Pailin subsample Negative 34 4 38
Positive 0 21 21 85.8 (71.8 - 99.8)
Missing data 46 3 49
Sum 80 28 108

Table 3
Diagnostic accuracy of the dipstick test.

Study patients
dipstick test

they died from the trauma before data could
be gathered. No patients were excluded due
to pregnancy or liver disease. P. vivax was
detected on blood smear in one patient who
developed post-injury malaria; this patient
was excluded from the study. Except for two
cases, all P. falciparum positive patients came
from Pailin District (Fig 1). The Pailin
subsample (n = 108) was used for analysis
of the main study question. The subsample
consisted of 14 women and 94 men, with a
mean age of 30.8 years (SD 10.7). Of the 108
patients, 28 were dipstick-positive. Eighty-
eight patients in the Pailin sample were in-
jured in land mine accidents and 20 were
injured in other events. The mean ISS was
6.9 (SD 4.5), with a range from 1 to 25. The
mean time from injury to first aid was 2.6
hours (95% CI 1.4 - 3.8) and the mean dura-
tion of surgical operation was 2.1 hours (SD
0.6). All patients with a positive dip stick test

received antimalarial treatment, the initial
treatment being provided at a mean of 1.4
hours after the accident.

Outcome indicators

Parasites were identified by microscopy
in 23 of the 28 dipstick-positive patients.
Twenty-one of these patients had fever on
the first postoperative day, and were classi-
fied as having symptomatic post-injury ma-
laria (Table 2). In the dipstick-negative group
(n = 78), 51 patients had a blood smear ex-
amined, all of them were negative for P.
falciparum. Of the patients with symptom-
atic post-injury malaria, 52% had moderate
to high parasitemia. Eight malaria patients
were classified as having severe malaria in-
dicated by hyperpyrexia above 40ºC. The
prevalence and duration of fever was sig-
nificantly greater in the dipstick-positive
group (Table 2). The mean duration of fever
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Fig 1–The study area in northwestern Cambodia.

Prehospital
first-aid

Hospital
admission

time 1  time 2

demographic
factors
cause of injury
diagnosis
PSS1
life support
dipstick

diagnosis
PSS2
blood smear
haemoglobin
temperature
nutritional status
history of illness
surgery
ISS
blood transfusion

accident

Fig 2–Data-gathering flow chart.
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among dipstick-positive patients was three
days; no patients had a fever for more than
five days (Fig 3).

No significant difference was found in
the duration of hospital stay between test-
positive and test-negative cases. Comparing
duration of in-hospital stay, the two groups
were nearly identical up to ten days of hos-
pital stay; for longer in-hospital times there
was a difference in the pattern of the prob-
ability curves indicating the dipstick-posi-
tives tended to stay longer in the hospital
than the dipstick-negative patients (Fig 4).

Bacterial wound infection was detected
in 20 patients. The rate of wound infection
was higher in patients with post-injury
symptomatic malaria (p = 0.1). Patients with
bacterial wound infection had significantly
longer hospital stays and durations of fever
(Table 2). Agreement analysis was applied
to check for misclassifications between post-
injury malaria and wound infection. There
was a significant positive agreement be-
tween wound infection and post-injury ma-
laria when comparing the group with post-
injury malaria (n = 21) with the rest of the
study sample (n = 87) (κ= 0.5;  95% CI 0.2 -
0.7). The agreement was also significant be-
tween wound infection and positive dipstick
result (κ= 0.34; 95% CI 0.14 - 0.50) and be-
tween wound infection and post-injury ma-
laria when comparing the post-injury ma-
laria group (n = 21) with the rest of the dip-
stick-positive group (n = 4) (κ = 0.26; 95% CI
0.02 - 0.50).

Variables affecting the outcome

Of the assumed explanatory variables,
the hemoglobin level, systolic blood pressure
and level of consciousness at first in-field en-
counter, ∆ PSS, and duration of prehospital
care explained 42% of the variation in the dip-
stick test results. The proportion of patients
that had malaria in their previous medical
history was higher among the dipstick-posi-
tive patients compared with the dipstick-
negative group (Table 2). The prevalence of
malnutrition was higher in the dipstick-posi-
tive group, but the difference was not sig-
nificant. Patients in the dipstick-positive
group were more severely injured as mea-
sured by their physiological indicators. The
anatomical severity score was significantly
higher and hemoglobin levels on hospital
admission significantly lower in the dip-
stick-positive patients. No other significant
differences were detected between the two
groups. Comparison of dipstick-positive
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ration of hospital stay. The results are ex-
pressed by Kaplan and Meier plots.
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patients with and without post-injury ma-
laria demonstrated the patients developing
symptomatic malaria were more severely
injured. The post-injury malaria group had
a lower prevalence of previous malaria in-
fections but the difference was not signifi-
cant (p = 0.1).

Validity and accuracy of dipstick test

Blood smears were collected in 116 pa-
tients from the total sample and in 76 from
the Pailin subset (Table 3). In both samples
the agreement between the dipstick test and
the blood smears was very good. Using
blood smear microscopy as a reference test,
the sensitivity of the dipstick test was 100%
in both samples; the specificity was 96.7%
(95%CI 90.8 - 99.3) in the total sample and
96.2% (95%CI 87.0 - 99.5) in the Pailin sub-
set. Two patients with a positive dipstick test
result and a negative blood smear had re-
cently been treated for malaria. The agree-
ment between post-injury malaria and the
dipstick-test was also very good (Table 3).
Measured against clinically defined post-in-
jury malaria the dipstick test specificity was
100% and sensitivity 94.7% (95%CI 7.1 - 98.6)
in the total study sample, and 89.5% (95%CI
90.8 - 99.3) in the Pailin subset.

DISCUSSION

The main aim of the intervention was
to prevent symptomatic post-injury malaria
in injured falciparum infected patients by
early antimalarial treatment. By giving
prehospital antimalarial treatment to all
parasite carriers, one would expect very few
parasite carriers would develop post-injury
malaria. One would further expect the para-
site carriers would have the same outcome
when it comes to morbidity factors, such as
fever, wound infection and recovery. How-
ever, according to the definition given in this
study, most parasite carriers among the

study patients did develop post-injury ma-
laria and had high postoperative morbidity.
On the other hand, it was found the malaria
infected patients had more severe injuries
with higher physiological impact, had lower
hemoglobin levels and a higher prevalence
of malnutrition. This could explain the in-
creased morbidity. Antimalarial treatment
would not affect these variables. Even if the
lack of direct treatment effect was surpris-
ingly low, we do not know if the malaria in-
fected patients would have been worse off
without early treatment. The local medical
teams participating in the study were not
disappointed by the seemingly poor treat-
ment effect; they considered it to be normal
for injured malaria infected patients to have
fever for a few days during treatment, and
held that the reappearance of parasitemia
might have been more severe and prolonged
without early antimalarial treatment.

Still, the lack of firm antimalarial treat-
ment effect raises several queries. The diag-
nosis of post-injury malaria is not straight-
forward and there is a risk that post-injury
malaria may have been over-diagnosed, thus
obscuring the treatment effect. In a study in
Sri Lanka only 19% of patients given the ten-
tative diagnosis of malaria on clinical
grounds in fact had positive blood films for
parasites. There were no important differ-
ences in signs and symptoms between those
with positive and those with negative blood
films (Van der Hoek et al, 1998). Postopera-
tive fever in a dipstick-positive patient may
well be caused by other conditions, such as
wound hematoma, wound infection, respi-
ratory tract infection, or the trauma itself.
Diagnostic microscopy may have limited
clinical significance: detection of parasites in
a blood film from a febrile patient does not
necessarily indicate clinically symptomatic
malaria (Trape, 1985; Smith et al, 1994).

The study did not include mapping of
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clinical signs of malaria infection prior to
injury. Some study patients classified as
post-injury malaria may have had symptoms
at the time of injury. We believe the number
of such patients was small because most
study patients were injured by landmines
while working the rice fields or in the for-
est. It is unlikely a person suffering from
symptomatic falciparum malaria would be
capable of heavy physical efforts.

The study shows a significant positive
agreement between wound-infection and
post-injury malaria, when comparing the
wound-infection group to the total study
sample, and comparing the group to the
patients in the dipstick positive group who
did not develop post-injury malaria. These
results indicate there might have been
misclassification between post-injury ma-
laria and wound infection. Study patients
defined as having post-injury malaria might
have had another cause for their fever, such
as bacterial wound infection.

 Various parasite clearance times are
reported in clinical trials for artesunate and
artemisin, from 24 hours to 60 hours (Alin et
al, 1995; Krudsood et al, 2003). During this
time period malaria symptoms may develop
even if the patients had the drug adminis-
tered within three hours of injury. We can-
not rule out inadequate blood concentrations
of the active drug which may have contrib-
uted to treatment failure. Some study pa-
tients, contrary to protocol, had the artemisin
administered by intramuscular route; in hy-
potensive trauma patients the absorption of
intramuscular drugs may be slow. A recent
Vietnamese study documents delayed up-
take of intramuscular Artemeter in patients
with severe malaria (Hien et al 2004). An-
other uncontrolled variable is time of treat-
ment. A few malaria infected patients (n =
5/28) did not get the first dose of antimalarial
until after the operation because the patient

was in need of urgent surgical care. In these
cases, the stress of surgery would probably
add to the stress caused by the trauma, in-
creasing immune depression and risk of
post-injury malaria.

The poor treatment outcome observed
in the study may have been real, caused by
resistant strains of P. falciparum. Since 2003,
evidence has been accumulating that
artemisin-based combination therapy is be-
coming less effective in the treatment of
falciparum malaria along the Thai-Cambo-
dian border, probably due to local emer-
gence of parasite strains resistant to
artemisin-based derivatives. Interim data
from Pailin confirm parasites have emerged
which exhibit prolonged clearance times
during treatment with artesunate as single
drug and also artesunate-mefloquine com-
binations (WHO, 2008). The fact that patients
recently treated with antimalarials were in-
cluded in the study may have affected the
study outcome, especially those recently
treated with mefloquine, since the elimina-
tion half-life of that drug is as long as three
weeks. These patients would have supple-
mentary antimalarial protection, mefloquine
plus artesunate. The fact that almost all ma-
laria infected patients did developed post-
injury malaria indicates any mefloquine ef-
fect must have been small or absent.

We should also consider whether ma-
laria parasites could have been transmitted
by post-injury blood transfusion in the study
patients.  A study from Africa shows that
33.5% of blood donors harbored malaria tro-
phozoites (Gazard et al, 2000). However, the
pattern of early postoperative signs of symp-
tomatic malaria and the agreement between
dipstick test-positives and verified post-in-
jury malaria makes transfusion transmission
unlikely in the study.

HIV is another uncontrolled variable
with obvious impact on immune responses.
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The study patients were not screened for
HIV infection even though the prevalence
of HIV is high in the study area. HIV-1 in-
fection is associated with an increased fre-
quency of clinical malaria and parasitemia.
HIV-infected persons appear to have more
severe and complicated malaria (Whitworth
et al 2000).

The study found that the dipstick test
performed with reasonable accuracy in
populations with low and high prevalences
of falciparum malaria. However, the confi-
dence intervals in the dipstick tests are rela-
tively wide, since many patients were ex-
cluded due to invalid or missing data (Table
3). This reflects the challenge of gathering
solid scientific data in facilities where a tra-
dition of medical documentation is not well
established. Other studies of the rapid test
report high test sensitivity, although with
larger variations in specificity. False-positive
test results are reported in patients recently
treated for malaria (Mboera et al,2006;
Swarthout et al, 2007). Smear microscopy is
time-consuming and may delay trauma in-
tervention. The diagnostic accuracy of mi-
croscopy may vary, even in trained hands
(Hemme and Gay, 1998; Coleman et al 2002).
In areas where the quality of health worker
training is suboptimal it seems reasonable
to recommend the rapid test as the diagnos-
tic tool of choice in emergency care. At a cost
of one US dollar per patient the rapid test is
a feasible tool for in-field and emergency
room identification of non-symptomatic
malaria infected patients.

In conclusion, post-injury malaria is a
clinically significant problem in trauma pa-
tients in falciparum malaria endemic areas
of northwestern Cambodia. P. falciparum
parasitemia is a risk factor for postoperative
complications in trauma patients. Early iden-
tification of asymptomatic parasite carriers
by rapid test should be a part of trauma care

where P. falciparum is endemic. Despite early
treatment with antimalarials it is difficult to
prevent post-injury symptomatic falciparum
malaria infection. Due to a lack of case-con-
trols we could not determine if the interven-
tion had some effect; post-injury malaria
could have been more severe and protracted
without early antimalarials. It is a pharma-
cological characteristic of artemisin that para-
site clearance is relatively slow. The preven-
tive effect of early preoperative antimalarials
may have been greater in scenarios with pro-
tracted evacuations. Trials of prehospital an-
timalarial treatment with larger cohorts in
rural trauma with long transport times
should be carried out.
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