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   Abstract.   We enrolled 382 patients at two hospitals in Uganda in a prospective observational study of severe sep-
sis. Because artemisinins improve survival in murine sepsis models, we performed a  post hoc  analysis of the association 
between the use of artemether-lumefantrine (A-L) and mortality in patients with or without malaria. In patients with neg-
ative malaria smears ( N  = 328 of 379), Kaplan–Meier curves revealed decreased combined inpatient and 30-day mortal-
ity among patients receiving A-L versus those who did not (20.6%, SE = 10.6 versus 48.8%, SE = 3.2; Log rank χ 2  = 3.93, 
 P  = 0.048). The decrease in mortality associated with A-L was maintained in the most clinically ill patients determined by 
Karnofsky Performance Scores ≤ 50 (16.7%, SE = 15.2 versus 58.3%, SE = 3.7; Log rank χ 2  3.94,  P  = 0.041). Research into 
the properties of A-L is needed to improve treatment of sepsis without compromising malarial susceptibility.   

     INTRODUCTION 

 Sepsis is defined by the presence of infection and the sys-
temic inflammatory response syndrome (SIRS), which requires 
disarray of two or more of the following clinical parameters: 
heart rate, respiratory rate, temperature, or peripheral white 
blood cell concentration. 1  As sepsis escalates to severe sepsis 
and septic shock, defined by end-organ damage and refractory 
hypotension, respectively, mortality can be as high as 40–70%. 2  
In regions endemic for malaria, initial treatment of septic 
patients is often targeted to both bacteremia, which is often 
a result of non-typhoidal  Salmonella ,  Streptococcus pneumo-
niae , or  Mycobacteria tuberculosis  infection, and malaria. 3  
Both sepsis and malaria can manifest with indistinguishable 
clinical findings and may occur together. 4–9  

 In malaria endemic regions, the World Health Organization 
(WHO) recommends treatment of febrile illnesses with anti-
malarial agents. 10  Use of artemisinin-based combination che-
motherapy is suggested in areas such as sub-Saharan Africa 
where chloroquine resistance is a concern. Artemisinin was 
initially isolated in China and is the active ingredient of sweet 
wormwood also known as  qinghao . Artemisinin and its deriv-
atives, including dihydroartemisinin, artesunate, artemether, 
and arteether, are proven as anti-malarial compounds. 11–14  The 
fixed dose combination of artemether-lumefantrine (A-L) 
is currently the preferred anti-malarial agent prescribed in 
Uganda. 15  

 Beyond their direct anti-parasitic effect, artemisinins sup-
press tumor necrosis factor (TNF)-α and interleukin (IL)-6 in 
a murine model of sepsis and in human rheumatoid arthritis 
fibroblast-like synoviocytes. 16,17  Because of these promising 
experimental anti-inflammatory findings and the decreased 
mortality attributable to artemisinins in murine sepsis models, 
we performed a  post hoc  analysis of the association between 
A-L use and mortality of patients enrolled in a prospective 

observational study of the management and outcomes of 
severe sepsis in Uganda. 

   MATERIALS AND METHODS 

  Patient recruitment.   To study the management and out-
comes of patients with severe sepsis in Uganda, we enrolled 
382 patients in a prospective observational study at the 
Mulago National Referral Hospital in Kampala and Masaka 
Regional Referral Hospital. Consent was obtained from 
each patient or their guardian. Inclusion criteria were age 
≥ 18 years and admission to a medical ward, along with 
1) ≥ 2 of the following: body temperature > 37.5°C or < 35.5°C, 
heart rate > 90 beats/minute, or respiratory rate > 20 breaths/
minute, or thermodysregulation alone; 2) a systolic blood 
pressure (SBP) ≤ 100 mm of Hg; and 3) a suspected infec-
tion. White blood cell concentration was not part of the inclu-
sion criteria because of inconsistent availability of laboratory 
testing. Exclusion criteria included acute cerebrovascular 
events, gastrointestinal hemorrhage, or admission to a non-
medical ward. 

   Data collection.   Background information, including age 
and gender, was recorded. At enrollment, temperature, heart 
rate, respiratory rate, and blood pressure were obtained and 
Karnofsky performance scores (KPS) were documented. 
Human immunodeficiency virus (HIV) status was acquired 
by antibody testing with Determine (Abbott Laboratories, 
Tokyo, Japan) and Statpak (Chembio Diagnostic Systems, 
Inc, Medford, NY). If results of the initial antibody tests were 
equivocal, Unigold (Trinity Biotech plc, Bray, Ireland) was used 
for a tie breaker. The CD4 T lymphocyte concentration (Mulago 
hospital: FACSCount System, BD Biosciences, San Jose, 
CA; Masaka hospital: Guava Technologies, Hayward, CA), 
portable whole blood lactate concentration (Accutrend 
portable lactate analyzer; Sports Resource Group, Inc., NY), 
and serum bicarbonate concentration (Diagnostic Systems 
International, Holzheim, Germany) were also analyzed. A 
malaria smear was obtained via Field’s staining and parasite-
mia was graded as 1+, 2+, 3+, or 4 + based on the presence of 1–9 
parasites/100 high-power fields (hpf), 10–100 parasites/100 hpf, 
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1–9 parasites/single hpf, or 10–100 parasites/single hpf, respec-
tively. As in other areas of sub-Saharan Africa, capacity for 
further quality control of malaria diagnosis was not available. 4  
The study team followed patients throughout their hospital-
ization, but the admitting medical team was responsible for 
clinical management. Use of anti-bacterial and anti-malarial 
agents was recorded. To determine outpatient survival, an 
attempt was made to telephone patients at 30 days after their 
discharge. 

   Statistical analysis.   Data were entered into an Epi-
Info database (version 6.04d, Centers for Disease Control 
and Prevention, Atlanta, GA) and analyzed using SPSS 
software (version 15.0, SPSS Inc., Chicago, IL). Baseline 
characteristics were assessed for statistical significance using 
the 2-sample Student  t  test for continuous variables and χ 2  
test for categoric variables. Kaplan Meier (KM) survival 
curves were used to assess univariate differences in sur-
vival and the log-rank test was used to assess significance. 
Cox proportional hazards regression was used to model simul-
taneous and interaction effects of A-L with baseline charac-
teristics. Baseline characteristics were included in Cox models 
when they were associated with mortality and A-L at  P  < 
0.10. Overall, statistical significance was defined as 2-tailed 
at  P  < 0.05. 

   Ethical considerations.   Approval was obtained from the 
University of Virginia Institutional Review Board, Mulago 
Hospital Office of Director, Makerere University Faculty of 
Medicine Research Ethics Committee and Infectious Disease 
Institute Scientific Research Committee, and Uganda National 
Council of Science and Technology. 

    RESULTS 

  Patient characteristics.   The 17 patients with negative 
malaria smears that received A-L were similar to those that 
did not in age, HIV-1 prevalence, mean CD4 lymphocyte 
count, mean systolic and diastolic blood pressure, mean whole 
blood lactate concentration, mean bicarbonate concentration, 
amount of intravenous fluid administration at 6 and 24 hours 
after admission, and empiric anti-bacterial administration. 
Admission KPS and the proportion of women were higher 
in the A-L treated group ( Table 1 ).             Demographic parameters 
were similar between patients with positive malaria smears 
compared with those with negative malaria smears (data not 
shown). 

   Malaria prevalence and associated mortality.   Only 13.5% 
(51 of 379) patients had a positive malaria smear. The major-
ity (86.3%,  N  = 44 of 51) with positive malaria smears had 
low grade 1 + parasitemia. Few patients with positive malaria 
smears had grade 2+ (7.8%,  N  = 4 of 51), 3+ (2.0%, 1 of 51), 
or 4+ (3.9%,  N  = 2 of 51) parasitemia ( Figure 1 ).  Thirty-day 
follow-up was completed for 337 patients. For patients with 
follow-up information at 30 days, the combined in- and outpa-
tient mortality at different grades of malaria parasitemia was 
40.5% ( N  = 17 of 42) for 1 + parasitemia, 50.0% ( N  = 2 of 4) 
for 2 + parasitemia, 100% ( N  = 1 of 1) for 3 + parasitemia, and 
0% ( N  = 0 of 2) for 4 + parasitemia. 

 There were 286 patients with negative malaria smears who 
were followed to 30 days. Combined inpatient and 30-day 
mortality for patients with negative malaria smears was 43.4% 
( N  = 124 of 286). The majority ( N  = 76) of these deaths 
occurred while patients were still in the hospital. Another 

48 patients died after discharge from the hospital. The KM 
estimated combined mortality was 52.7% (SE = 3.1%). There 
was no significant difference between mortality in patients 
with a positive malaria smear of any grade parasitemia versus 
those with negative malaria smears (relative risk [RR ] = 1.05, 
95% confidence interval [CI] 0.81–1.35,  P  = 0.74]. There was 
also no difference in rate of death using KM estimates (Log 
rank χ 2  = 0.37,  P  = 0.848). 

 A total of 72 out of 328 (22.0%) patients with negative 
malaria smears received an anti-malarial agent. A majority 
(62.5%,  N  = 45 of 72) received quinine. Other anti-malarial 
agents prescribed included A-L (23.6%,  N  = 17 of 72), chlo-
roquine (6.9%,  N  = 5 of 72), sulfadoxine and pyrimethamine 
(1.4%,  N  = 1 of 72), or other anti-malarial agents (5.6%,  N  = 
4 of 72). 

 There were no interventional groups,  per se , but we per-
formed analyses by dividing patients into those that did 
or did not have positive malaria smears ( Figure 2 ).   These 
groups were then divided into groups that did or did not 
receive an anti-malarial agent. There was a statistically sig-
nificant reduced mortality between combined in- and outpa-
tient mortality among patients with negative malaria smears 
who received A-L (20.0%,  N  = 3 of 15) compared with 
those who did not (44.6%,  N  = 121 of 271, RR = 1.45 [95% 
CI 1.10–1.90],  P  < 0.05). The KM estimated rate of mortality 
was 20.6% (SE = 10.6) for patients who received A-L and 
48.8% (SE = 3.2) for those who did not (Log rank χ 2  = 3.93, 
 P  = 0.048;  Figure 3).   Specifically, only 2 of 17 patients who 
received A-L (11.8%) died in the hospital compared with 74 
of 311 (23.8%) patients who did not receive A-L. We had 
information for 13 of the 15 discharged A-L treated patients 
at 30 days. Of these 13, only 1 patient (7.7%) died after 
discharge in comparison to the 47 out of 198 (23.7%) patients 
who died after discharge in the group who did not receive 
A-L. 

 Cox Regression was used to test A-L as a predictor of 
overall mortality. The KPS and HIV status were included as 
covariates to account for differences in initial illness before 
treatment with A-L. Interaction terms were also included to 
assess the combined effect of A-L and KPS, as well as A-L and 
HIV status. The use of A-L remained significantly and inde-
pendently related to mortality ( P  = 0.026), whereas KPS and 
HIV status became non-significant. The interaction term with 
A-L and HIV was also non-significant. A significant interac-
tion effect of A-L and KPS was significant ( P  = 0.022). 

 Exploration of this interaction revealed a larger ef-
fect of A-L among the sickest patients KPS ≤ 50 (i.e., 
disabled, requiring special care and help, or worse) com-
pared with the effect of A-L among less ill patients (KPS > 
50). Among patients with KPS ≤ 50, none of the 8 patients 
treated with A-L died compared with 68 of 235 (29.1%) 
patients who died in the hospital who did not receive 
A-L (RR = 1.4 [95% CI 1.30–1.53],  P  = 0.068). We had follow-
up information at 30 days for 7 of the 8 A-L treated patients, 
of whom only 1 patient died (14.3%) compared with 96 of 
207 (30.7%) discharged patients who had not received A-L 
(RR = 1.85 [95% CI 1.32–2.59],  P  = 0.032). The KM esti-
mated rate of death to 30 days reached 16.7% (SE = 15.2) 
compared with 58.3% (SE = 3.7) (Log rank χ 2  3.94,  P  = 0.041; 
see  Figure 4).   There was no significant difference in total 
mortality between A-L treated and non-treated patients 
whose KPS score at admission was > 50 (RR = 0.89 [95% 
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  Table  1 
 A comparison of the demographic characteristics of patients with severe sepsis and negative malaria smears who did or did not receive A-L* 

Characteristic or outcome Received A-L Did not receive A-L  P  value

Age, mean years ± SD 34.82 ± 13.9 34.4 ± 10.5 0.871
 N  = 327  N  = 17  N  = 310

Female, % 88.2 57.9 0.007
 N  = 325 (133 male, 195 female)  N  = 15  N  = 180

HIV-1 prevalence, % 70.6 87.0 0.086
 N  = 325 ( x  = HIV-1 infected)  N  = 12  N  = 268

CD4 lymphocyte count, mean lymphocytes/mm 3  ± SD 149.3 ± 139.7 95.5 ± 130.9 0.143
 N  = 278  N  = 12  N  = 266

Blood pressure at hospital admission, mean mm Hg ± SD
 N  = 328

Systolic 85.2 ± 9.3 81.7 ± 16.5 0.388
 N  = 17  N  = 311

Diastolic 52.7 ± 11.7 48.0 ± 19.0 0.317
 N  = 17  N  = 307

Whole blood lactate, mean mmol/L ± SD 2.89 ± 1.57 3.91 ± 2.56 0.135
 N  = 161  N  = 15  N  = 146

Bicarbonate, mean mmol/L ± SD 21.1 ± 1.53 21.1 ± 2.92 0.991
 N  = 221  N  = 5  N  = 216

Admission KPS ± SD 58.8 ± 16.2 45.9 ± 15.9 0.001
 N  = 328  N  = 17  N  = 311

Discharge KPS ± SD 71.5 ± 16.8 71.1 ± 14.8 0.912
 N  = 220  N  = 13  N  = 207

Received greater than 2 L of intravenous fluid resuscitation, %
At 6 hours 0.0 4.2 0.235
 N  = 328  N  = 17  N  = 311
At 24 hours 5.9 15.4 0.239
 N  = 220  N  = 17  N  = 293

Received empiric antibacterial therapy, % 94.1 86.5 0.234
 N  = 311  N  = 17  N  = 294

> 2 SIRS criteria 70.6% 83.0% 0.223
 N  = 328  N  = 17  N  = 311

Heart rate > 90 bpm, % 94.1% 94.5% 0.942
 N  = 328  N  = 17  N  = 311
Respiratory rate > 20 bpm, % 82.4% 94.5% 0.089
 N  = 326  N  = 17  N  = 309
Temperature < 36°C or > 38°C, % 62.5% 60.1% 0.846
 N  = 324  N  = 16  N  = 308
WBC < 4,000 or > 12,000, % 58.8% 47.8% 0.378
 N  = 318  N  = 17  N  = 301
Blood pressure < 90 mm of Hg, % 47.1% 53.4% 0.612
 N  = 328  N  = 17  N  = 311

Mean Glasgow Coma Score 15 ± 0 14.79 ± 1.024 0.408
 N  = 328  N  = 17  N  = 311

  *  A-L = artemether-lumefantrine; HIV = human immunodeficiency virus; KPS = Karnofsky performance scores; SIRS = systemic inflammatory response syndrome; WBC = white blood cell.  

CI 0.59–1.34],  P  = 0.53). Among patients with KPS > 50, there 
was also a non-significant difference in rate of mortality when 
comparing A-L treated with non A-L treated patients (Log 
rank c 2  = 0.29,  P  = 0.59). 

 We extended our analysis to include those patients with 
detectable parasitemia and A-L use was again associated 
with improved survival. No patient receiving A-L had greater 
than 1 + parasitemia. A total of 23 patients with a negative 
or 1 + smear received A-L. Only 2 of these 23 patients died 
in-hospital compared with 86 of 348 who did not receive A-L 
(RR = 1.21 [95% CI 1.06–1.36],  P  = 0.05). This difference did 
not quite reach statistical significance. There was significant 
decreased mortality at 30 days after discharge of the patients 
who received A-L (4 of 21, 19%) compared with patients who 
did not receive A-L (137 of 307, 44.6%) (RR = 1.46 [95% CI 
1.61–1.84]  P  = 0.02). The KM estimates were significantly 
different with 20.7% (SE = 9.3%) mortality among A-L 

treated patients and 49.1% (SE = 3.1%) among non-A-L 
treated patients, (Log rank χ 2  4.92,  P  = 0.027). 

    DISCUSSION 

 For the first time we have shown that administration of an 
artemisinin-based combination treatment, specifically A-L, is 
associated with decreased mortality in patients with severe 
sepsis in the absence of detectable malaria. This is an important 
finding given that there are currently few effective adjunctive 
therapies available for the treatment of sepsis. The improve-
ment in outcomes in patients who received A-L cannot be 
attributed to differences in age, severity of presentation (as 
determined by whole blood lactate or blood pressure), degree 
of immunosuppression, amount of fluids received, or anti-
bacterial therapy as these parameters were similar between 
groups ( Table 1 ). Furthermore, the positive association 
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between A-L and survival was maintained even in the most 
clinically ill patients whose KPS was less than 50. In fact, based 
on the analysis of the interaction between A-L and KPS, these 
patients were the  most  likely to benefit from the administra-
tion of A-L. 

 The pathophysiology of both sepsis and malaria is thought 
to involve dysregulation of the innate immune system leading 
to elevated serum cytokines including IL-1β, IL-6, and TNF-α, 
among others. 18,19  Unfortunately, trials of anti-cytokine anti-
bodies for the treatment of both illnesses have not met with 
clinical success despite promising results in animal models. 20,21  
This may be because antibodies neutralize specific cytokines 
rather than exert a pluripotent effect on the course of systemic 
inflammation. 

 However, the anti-inflammatory effect of artemisinins is 
thought to occur via inhibition of inducible nitric oxide syn-
thase and the transcription factor nuclear factor κB. 17,22  There 
is also evidence that the anti-inflammatory effect is mediated 
through a decrease in phosphorylation of the Akt serine-thre-
onine protein kinase signal pathway, which leads to decreased 
production of TNF-α induced IL-1β, IL-6, and IL-8. 17  Given 
the limited benefit of cytokine antibody therapy for sepsis, 
the multifocal impact of artemisinins on inflammation may be 
more clinically beneficial. Moreover, because a murine sepsis 
model revealed that artemisinin has no anti-bacterial effect, 
the beneficial effect of A-L in the treatment of sepsis is likely 
derived from its anti-inflammatory properties. 16  

 Lumefantrine belongs to the aryl aminoalcohol group of 
anti-malarials, which also includes quinine, mefloquine, and 
halofantrine. 10  It has a similar mechanism of action to these 
agents, which involves inhibition of parasite heme detoxifi-
cation, but we are unaware of any associated anti-inflamma-
tory properties. Thus, we ascribe the beneficial effects of A-L 
in sepsis to artemether, but it is possible that lumefantrine 
contributes to improved sepsis survival by an as of yet unknown 
mechanism. 

 We also showed that adult patients who present with 
severe sepsis in the two study hospitals are unlikely to have 
significant malaria parasitemia. Only 13.3% (51 of 379) of 
patients in our study had detectable parasitemia at the time of 

enrollment and of these only 15.7% ( N  = 7 of 51) of patients 
had greater than grade 1 + parasitemia. The 6 patients with 
positive malaria smears that received A-L all had grade 1 + 
parasitemia, and they also had improved survival compared 
with patients that did not receive A-L. Although some of the 
benefit in survival in these patients may have been because of 
treatment of malaria, this low level of parasitemia is not usu-
ally associated with critical illness in endemic adult popula-
tions. 23  Furthermore, microscopy in resource-limited settings 
is more likely to over-diagnose rather than under-diagnose 
malaria, which suggests that some of these 1 + malaria 
smears could have been false-positive results. 24  Therefore, the 
improvement in survival was likely an extension of the anti-
inflammatory effect of A-L rather than a direct anti-parasitic 
effect. Importantly, our study was limited to adults 18 years of 
age or older, so we cannot comment on the etiology of severe 
sepsis in the local pediatric population where malaria is a com-
mon cause of critical illness. 

 In Uganda, patients will often receive A-L along with an 
anti-bacterial agent as part of their sepsis therapy. The benefits 
of this strategy include treatment of both potential bacterial 

   Figure  2. Flow chart describing enrollment and follow-up of 
patients with regard to malaria status.    

   Figure  1. Bar graph comparing proportions of different grades of 
malaria parasitemia in patients with severe sepsis.    
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and malarial infections, and possibly the anti-inflammatory 
effects of A-L, but the cost may be manifested in resistance 
to these agents in the targeted pathogens, unnecessary side 
effects, and financial burden. 25  Like others, we believe that the 
most important strategy to improve survival in patients with 
severe sepsis in this region will come from universal access to 
adequate initial resuscitation through use of intravenous flu-
ids, and timely and appropriate antibiotics. 26  We also agree with 
others that resources should be devoted to diagnostic capa-
bility, particularly clinical microbiology, along with improved 
treatment modalities. 27  

 More research into the mechanism of action of artemisi-
nins in the therapy of severe sepsis is needed. Identification of 
the biologic pathways altered by A-L may lead to the devel-
opment of new drugs, including small molecules that may 
improve sepsis outcomes. Ideally, such agents would have no 

anti-malarial activity thereby eliminating the risk of malaria 
resistance to artemisinins. In the interim, clinical studies should 
be performed in malaria non-endemic settings to verify the 
beneficial effects of A-L in the treatment of severe sepsis. 

 Received June 6, 2008.   Accepted for publication January 22, 2009. 

      Acknowledgments:   We thank the nurses and staff of Mulago Accident 
and Emergency Department and Masaka Regional Referral Hospital 
for their assistance in the enrollment of patients for the study and 
overall dedication to the care of patients. In addition, we are espe-
cially grateful to members of the PRISM-U Study Team [ Mulago site : 
Rebecca Burke, Cheryl Lynn Horton, Cassim Kalisa, Kasozi Kimuli, 
Angelo Nganizi, and Samson Omongot; and  Masaka site : Patrick 
Ddikusoka, Sr. Scholastica Sekayiba, and Francis Ssali] for their ded-
ication and hard work during the study. We also thank Richard D. 
Pearson for his critical review of the manuscript. 

 Financial support: Christopher C. Moore and Shevin T. Jacob received 
fellowships from the Pfizer Initiative in International Health at the 
University of Virginia to support this work. This Initiative was con-
ceived to fund exchange programs of post-doctoral fellows and stu-
dents between the University of Virginia and several international 
partners to conduct research on global health issues. The major pur-
pose of this program is to foster and enhance bidirectional research 
training. An independent board at the University of Virginia deter-
mines which research proposals are funded. Pfizer provided funds to 
promote the Initiative, but has no role in the planning or execution of 
research protocols including the study described in our manuscript. 
This work was also supported in part by the Division of Intramural 
Research, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health. 

 Authors’ addresses: Christopher C. Moore, Relana Pinkerton, and 
W. Michael Scheld, Division of Infectious Diseases and International 
Health, Department of Medicine, University of Virginia, 409 Lane 
Road, MR-4 Building, Room 2111, Charlottesville, VA 22908, Tel: +1 
(434) 924-5991, Fax: +1 (434) 924-2885, E-mails: ccm5u@virginia.edu, 
rcp3w@virginia.edu, and wms@virginia.edu. Shevin T. Jacob, Division 
of Allergy and Infectious Diseases, University of Washington, 1959 
NE Pacific Street, Box 355330, Seattle, WA 98195, Tel: +1 (206) 446-
7075, E-mail: sjacob@post.harvard.edu. Patrick Banura, Masaka 
Regional Referral Hospital, PO Box 18, Masaka, Uganda, Tel: +256-
48-120018, E-mail: banura2003@yahoo.com. David B. Meya and 
Harriet Mayanja-Kizza, Faculty of Medicine, Makerere University, 
Mulago Hospital Complex, PO Box 22418, Kampala, Uganda, Tel: 
+256-41-307000 or +256-31-307200, Fax: +256-41-307290, E-mails: 
david.meya@gmail.com and hmk@mucwru.or.ug. Steven J. Reynolds, 
NIAID/NIH, 2190 Kampala Place, Washington, DC 20521, Tel: +256-
414-323-255, Fax: +256-414-323-252, E-mail: sjr@jhmi.edu. Nathan 
Kenya-Mugisha, Ministry of Health, Republic of Uganda, Plot 6 
Lourdel Rd, Wandegeya, Box 7272, Kampala, Uganda, Tel: +256-41-
340884, Fax: 256-41-340887, E-mail: nkmugisha@yahoo.com. 

 Reprint requests: Christopher C. Moore, Division of Infectious 
Diseases and International Health, Department of Medicine, 
University of Virginia, 409 Lane Road, MR-4 Building, Room 2111, 
Charlottesville, VA 22908, Tel: +1 (434) 924-5991, Fax: +1 (434) 924-
2885, E-mail: ccm5u@virginia.edu.   

  REFERENCES 

   1.   Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, 
Schein RM, Sibbald WJ, 1992. Definitions for sepsis and organ 
failure and guidelines for the use of innovative therapies in sep-
sis. The ACCP/SCCM Consensus Conference Committee. 
American College of Chest Physicians/Society of Critical Care 
Medicine.  Chest 101:  1644–1655.  

   2.   Annane D, Aegerter P, Jars-Guincestre MC, Guidet B, 2003. 
Current epidemiology of septic shock: the CUB-Rea Network. 
 Am J Respir Crit Care Med 168:  165–172.  

   3.   Ssali FN, Kamya MR, Wabwire-Mangen F, Kasasa S, Joloba M, 
Williams D, Mugerwa RD, Ellner JJ, Johnson JL, 1998. A pro-
spective study of community-acquired bloodstream infections 

   Figure  4. Kaplan–Meier survival curves comparing combined in-
patient and 30 day mortality (means and 95% confidence intervals) 
of patients with severe sepsis, a negative malaria smear, and 
a Karnofsky Performance Score ≤ 50 who did or did not receive 
artemether-lumefantrine (A-L).    

   Figure  3. Kaplan–Meier survival curves of patients with severe 
sepsis and negative malaria smears who did or did not receive arte-
mether-lumefantrine (A-L).    



728 MOORE AND OTHERS

among febrile adults admitted to Mulago Hospital in Kampala, 
Uganda.  J Acquir Immune Defic Syndr Hum Retrovirol 19:  
484–489.  

   4.   Reyburn H, Mbakilwa H, Mwangi R, Mwerinde O, Olomi R, 
Drakeley C, Whitty CJ, 2007. Rapid diagnostic tests compared 
with malaria microscopy for guiding outpatient treatment of 
febrile illness in Tanzania: randomised trial.  BMJ 334:  403.  

   5.   Hamer DH, Ndhlovu M, Zurovac D, Fox M, Yeboah-Antwi K, 
Chanda P, Sipilinyambe N, Simon JL, Snow RW, 2007. Improved 
diagnostic testing and malaria treatment practices in Zambia. 
 JAMA 297:  2227–2231.  

   6.   Hill PC, Onyeama CO, Ikumapayi UN, Secka O, Ameyaw S, 
Simmonds N, Donkor SA, Howie SR, Tapgun M, Corrah T, 
Adegbola RA, 2007. Bacteraemia in patients admitted to an 
urban hospital in West Africa.  BMC Infect Dis 7:  2.  

   7.   Evans JA, Adusei A, Timmann C, May J, Mack D, Agbenyega T, 
Horstmann RD, Frimpong E, 2004. High mortality of infant 
bacteraemia clinically indistinguishable from severe malaria. 
 QJM 97:  591–597.  

   8.   Bronzan RN, Taylor TE, Mwenechanya J, Tembo M, Kayira K, 
Bwanaisa L, Njobvu A, Kondowe W, Chalira C, Walsh AL, Phiri 
A, Wilson LK, Molyneux ME, Graham SM, 2007. Bactere mia in 
Malawian children with severe malaria: prevalence, etiology, 
HIV coinfection, and outcome.  J Infect Dis 195:  895–904.  

   9.   Berkley J, Mwarumba S, Bramham K, Lowe B, Marsh K, 1999. 
Bacteraemia complicating severe malaria in children.  Trans R 
Soc Trop Med Hyg 93:  283–286.  

  10.   WHO, 2006.  Guidelines for the Treatment of Malaria/World Health 
Organization .  

  11.   Zongo I, Dorsey G, Rouamba N, Dokomajilar C, Sere Y, Rosenthal 
PJ, Ouedraogo JB, 2007. Randomized comparison of amodiaquine 
plus sulfadoxine-pyrimethamine, artemether-lumefantrine, and 
dihydroartemisinin-piperaquine for the treatment of uncompli-
cated  Plasmodium falciparum  malaria in Burkina Faso.  Clin Infect 
Dis 45:  1453–1461.  

  12.   Rulisa S, Gatarayiha JP, Kabarisa T, Ndayisaba G, 2007. Comparison 
of different artemisinin-based combinations for the treatment 
of  Plasmodium falciparum  malaria in children in Kigali, 
Rwanda, an area of resistance to sulfadoxine-pyrimethamine: 
artesunate plus sulfadoxine/pyrimethamine versus artesunate 
plus sulfamethoxypyrazine/pyrimethamine.  Am J Trop Med 
Hyg 77:  612–616.  

  13.   Dorsey G, Staedke S, Clark TD, Njama-Meya D, Nzarubara B, 
Maiteki-Sebuguzi C, Dokomajilar C, Kamya MR, Rosenthal PJ, 
2007. Combination therapy for uncomplicated falciparum 
malaria in Ugandan children: a randomized trial.  JAMA 297:  
2210–2219.  

  14.   Pareek A, Nandy A, Kochar D, Patel KH, Mishra SK, Mathur 
PC, 2006. Efficacy and safety of beta-arteether and alpha/
beta-arteether for treatment of acute  Plasmodium falciparum  
malaria.  Am J Trop Med Hyg 75:  139–142.  

  15.   Health UMo, 2005. National Policy on Malaria Treatment. 
Available at:  http://www.health.go.ug/mcp/mt.html .  

  16.   Wang J, Zhou H, Zheng J, Cheng J, Liu W, Ding G, Wang L, 
Luo P, Lu Y, Cao H, Yu S, Li B, Zhang L, 2006. The antima-
larial artemisinin synergizes with antibiotics to protect against 
lethal live  Escherichia coli  challenge by decreasing proinflam-
matory cytokine release.  Antimicrob Agents Chemother 50:  
2420–2427.  

  17.   Xu H, He Y, Yang X, Liang L, Zhan Z, Ye Y, Lian F, Sun L, 2007. 
Anti-malarial agent artesunate inhibits TNF-alpha-induced 
production of proinflammatory cytokines via inhibition of 
NF-kappaB and PI3 kinase/Akt signal pathway in human rheu-
matoid arthritis fibroblast-like synoviocytes.  Rheumatology 
(Oxford) 46:  920–926.  

  18.   Bozza FA, Salluh JI, Japiassu AM, Soares M, Assis EF, Gomes RN, 
Bozza MT, Castro-Faria-Neto HC, Bozza PT, 2007. Cytokine 
profiles as markers of disease severity in sepsis: a multiplex 
analysis.  Crit Care 11:  R49.  

  19.   Clark IA, Budd AC, Alleva LM, Cowden WB, 2006. Human malar-
ial disease: a consequence of inflammatory cytokine release. 
 Malar J 5:  85.  

  20.   Zeni F, Freeman B, Natanson C, 1997. Anti-inflammatory thera-
pies to treat sepsis and septic shock: a reassessment.  Crit Care 
Med 25:  1095–1100.  

  21.   van Hensbroek MB, Palmer A, Onyiorah E, Schneider G, Jaffar S, 
Dolan G, Memming H, Frenkel J, Enwere G, Bennett S, 
Kwiatkowski D, Greenwood B, 1996. The effect of a monoclo-
nal antibody to tumor necrosis factor on survival from child-
hood cerebral malaria.  J Infect Dis 174:  1091–1097.  

  22.   Aldieri E, Atragene D, Bergandi L, Riganti C, Costamagna C, 
Bosia A, Ghigo D, 2003. Artemisinin inhibits inducible nitric 
oxide synthase and nuclear factor NF-kB activation.  FEBS Lett 
552:  141–144.  

  23.   Dondorp AM, Lee SJ, Faiz MA, Mishra S, Price R, Tjitra E, Than 
M, Htut Y, Mohanty S, Yunus EB, Rahman R, Nosten F, Anstey 
NM, Day NP, White NJ, 2008. The relationship between age and 
the manifestations of and mortality associated with severe 
malaria.  Clin Infect Dis 47:  151–157.  

  24.  Zurovac D, Midia B, Ochola SA, English M, Snow RW, 2006. 
Microscopy and outpatient malaria case management among 
older children and adults in Kenya.  Trop Med Int Health 11: 
 432–440. 

    25.   Amexo M, Tolhurst R, Barnish G, Bates I, 2004. Malaria misdiag-
nosis: effects on the poor and vulnerable.  Lancet 364:  
1896–1898.  

  26.   Cheng AC, West TE, Limmathurotsakul D, Peacock SJ, 2008. 
Strategies to reduce mortality from bacterial sepsis in adults in 
developing countries.  PLoS Med 5:  e175.  

  27.   Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA, 2006. 
Laboratory medicine in Africa: a barrier to effective health 
care.  Clin Infect Dis 42:  377–382.    


