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Abstract

In sub-Saharan Africa, sepsis is an important cause of mortality but optimal sepsis management
including fluid resuscitation, early antibiotic administration and patient monitoring is limited by a
lack of supplies and skilled health workers.

OBJECTIVE—To evaluate whether early, monitored sepsis management provided by a study
medical officer can improve survival among patients with severe sepsis admitted to two public
hospitals in Uganda.

DESIGN, SETTING and PATIENTS—A prospective before and after study of an intervention
cohort (n=426) with severe sepsis receiving early, monitored sepsis management compared to an
observation cohort (n=245) of similarly ill patients with severe sepsis receiving standard
management after admission to the medical wards of two Ugandan hospitals.
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INTERVENTION—Early sepsis management provided by a dedicated study medical officer
comprised of fluid resuscitation, early antibiotics and regular monitoring in the first 6 hours of
hospitalization.

MEASUREMENTS—Kaplan-Meier survival and unadjusted and adjusted Cox proportional
hazards analysis were used to compare the effect of early, monitored sepsis management on 30-
day mortality between the intervention cohort (enrolled May 2008 to May 2009) and observation
cohort (enrolled July 2006 to November 2006).

RESULTS—The majority (86%) of patients in both cohorts were HIV-infected. Median fluid
volume provided in the first 6 hours of hospitalization was higher in intervention than observation
cohort patients (3000 vs. 500 mL, p<0.001) and a greater proportion of intervention cohort
patients received antibacterial therapy in less than one hour (67% vs 30.4%, p<0.001). Mortality at
30 days was significantly lower in the intervention cohort compared to the observation cohort
(33.0% vs 45.7%, log-rank p=0.005). After adjustment for potential confounders, the hazard of 30-
day mortality was 26% less in the intervention cohort compared to the observation cohort
(adjusted HR=0.74, 95% CI1=0.55-0.98). Mortality among the 13% of intervention patients who
developed signs of respiratory distress was associated with baseline illness severity rather than
fluid volume administered.

CONCLUSION—Early, monitored management of severely septic patients in Uganda improves
survival and is feasible and safe even in a busy public referral hospital.
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INTRODUCTION

In low-income countries, bloodstream infections are common and likely contribute to a high
incidence of severe sepsis (1, 2). The management of patients with severe sepsis in resource-
constrained settings, however, has been minimally evaluated (3, 4). In comparison, sepsis
management guidelines in high-income settings have resulted in improved survival (5-7).
These guidelines focus on utilizing sepsis bundles which include early fluid resuscitation,
initiation of broad-spectrum antimicrobial treatment, and other interventions in response to
the patient’s condition. Similar evidence-based guidelines which take into account resource
constraints and etiologic agents associated with local ecology could potentially provide an
invaluable tool for practitioners to improve survival in critically ill septic patients from low-
resource settings.

In 2006, we conducted the first prospective observational study in sub-Saharan Africa of the
management and outcomes of hospitalized adult patients with severe sepsis syndromes (8).
These Ugandan patients had high mortality (43%) and were predominantly HIV-infected
(85%). We found that the components of sepsis management bundles were not adequately
provided. For instance, patients in our cohort received <10% of the minimum recommended
20 mL/kg/hr of fluid volume in the first 6 hours after presentation (5). In addition, 52
different antibacterial regimens were administered during the study period and less than 1/3
of patients received their antimicrobial therapy within 1 hour of hospital presentation.

In response, we conducted an intervention study of severely septic adults admitted to two
public hospitals in Uganda to prospectively evaluate the impact on mortality of early
monitored sepsis management, focusing on fluid resuscitation administered by a dedicated
study medical officer.

Crit Care Med. Author manuscript; available in PMC 2013 July 01.
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MATERIALS and METHODS

Study design and site description

Intervention

Observation

Using a before and after study design, we enrolled 426 severely septic patients admitted to
the medical wards of Mulago National Referral Hospital and Masaka Regional Referral
Hospital between May 2008 and May 2009 (intervention cohort). We compared mortality in
this intervention population to that in our earlier prospectively enrolled observational study
(observation cohort), which was conducted at the same hospitals. In both hospitals,
mechanical ventilation and invasive hemodynamic monitoring were not available for ward
patients. An intensive care unit with more advanced care exists in Mulago Hospital but no
study patients from the medicine wards were transferred to this unit during the period of
either study. Further site descriptions and site resource capacity are described in detail
elsewhere (8). There were no major changes in resources on the medical wards at Mulago
Hospital or Masaka Regional Referral Hospital during the time that lapsed between the
observation and intervention cohorts.

cohort

Adult patients (age = 18 years) triaged to the hospitals’ Medical Casualty Units during
daytime hours (from 9 am to 4 pm, excluding weekends and holidays) were approached for
enrollment. Inclusion criteria were: 1) suspected infection as determined by the admitting
medical officer; 2) two of the following: a) axillary temperature >37.5°C or <35.5°C, b)
heart rate >90 beats/min, c) respiratory rate >20 breaths/min; 3) systolic blood pressure
(SBP) < 100 mmHg; and 4) whole blood lactate concentration >2.5 mmol/L or Karnofsky
Performance Scale (KPS) score <40. Criterion 4 was used to select highest-risk patients as
these parameters independently predicted mortality in our previous observational study (8,
9). In addition, eligible patients required accompaniment from an attendant, usually the
patient’s next of kin. Patients with suspected surgical or obstetric emergencies or shock
without suspected infection were excluded.

The fluid resuscitation protocol consisted of a one liter intravenous fluid challenge of normal
saline in the first 60 minutes and 500 mL boluses every 30 minutes in the ensuing five hours
(for a total maximum of six liters during the first six hours). A study medical officer
administered fluid to study patients and evaluated vital signs every hour during the fluid
administration period. If SBP increased by ten mmHg from baseline for two consecutive
measurements over 90 mmHg, the medical officer stopped fluids but continued to monitor
vital signs every hour during the fluid administration period. If the patient developed signs
of iatrogenic pulmonary edema — defined as either a 3% decrease in oxygen saturation, an
increase in respiratory rate by five breaths per minute, or new crackles on lung examination
— the medical officer determined whether it was necessary to stop fluids, provide
supplemental oxygen, order a chest radiograph, and/or administer furosemide. As the
primary medical officer for the first 6 hours of a patient’s hospitalization, study medical
officers also ensured early administration of initial empiric antibacterial treatment. A
standard antibiotic regimen, however, was not supplied as part of the protocol so type of
empiric antibacterial regimen was limited to available medications in the casualty ward.
After the initial 6 hours of monitored care provided by the study medical officer, patient
management was handed over to the non-study primary medical team.

cohort

Between July 2006 and November 2006, we enrolled 382 adult patients in an observational
study of the management and outcomes of severely septic patients (8). Enrollment times
were similar for both the intervention and observation cohorts. The subset of 245 patients
from this cohort who fulfilled the inclusion criteria used for the intervention cohort was
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analyzed as the comparator population for the intervention cohort (Figure 1). All patient
management was provided by the primary medical team, including fluid resuscitation,
antibacterial administration and patient monitoring.

Assessment of mortality

The primary study endpoint was mortality, 30 days after hospital admission. Identical
approaches for measuring mortality were used for both cohorts. For patients who died in the
hospital, the date of death was recorded; for those still hospitalized at 30 days, vital status at
that time was recorded. For patients who survived and were discharged before 30 days, they
or their family were contacted by mobile phone at least 30 days after admission to obtain
vital status information. For those who died between discharge and the follow-up phone call,
the date of death was recorded; if the exact date of death was not available, the date of death
was recorded as the date of the follow-up phone call. If patients did not have access to a
telephone, they were offered nominal transport reimbursement at the time of discharge to
return for a post-discharge assessment of vital status.

Evaluation of attendants

In the intervention cohort, we separately evaluated whether patient attendants could serve as
an alert mechanism for the study medical officer providing fluid resuscitation. Attendants
were informed about the importance of fluid resuscitation and instructed to alert the medical
officer when fluid bottles were nearly empty. The study medical officers provided fluid
resuscitation according to protocol whether or not they were alerted by the patient attendant.

Ethical review

Ethical approval was obtained from the research and/or ethics committees of the University
of Virginia, Makerere University, Mulago Hospital, Infectious Disease Institute, and Uganda
National Council of Science and Technology. Written informed consent was obtained from
each patient or a surrogate if the patient was too obtunded to provide consent.

Laboratory studies

Definitions

Blood was collected for complete blood counts, electrolytes, CD4+ T-cell (CD4) counts,
malaria thick smears, aerobic blood cultures, HIV serology, and lactate concentration (8).
For positive bacterial blood cultures, antibiotic susceptibility testing was performed.
Mycobacterial cultures were performed at both sites for the intervention cohort and at
Mulago Hospital only for the observation cohort.

Bacteremia was defined as bacterial isolation from =1 blood culture bottle; coagulase-
negative staphylococci were considered contaminants. Using criteria adapted from previous
studies, we defined whether patients received appropriate anti-bacterial therapy, based on
whether or not the organism was susceptible to the anti-bacterial agent used (10). If
susceptibility to the agent was not tested for that particular organism or if blood cultures
were negative, appropriate broad-spectrum therapy was based on normative guidelines for
empiric management of the typical pathogens causing severe sepsis at the study sites (11). If
blood cultures were positive for Mycobacterium tuberculosis, empiric antibacterial therapy
was deemed appropriate if it included rifampin, isoniazid, pyrazinamide, and ethambutol.
Two physicians trained in infectious diseases (STJ, WMS) independently applied these rules
to each patient to evaluate whether empiric anti-bacterial therapy was appropriate; a third
infectious diseases-trained physician (AW) served as a tie-breaker in cases of disagreement.

Crit Care Med. Author manuscript; available in PMC 2013 July 01.
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Sample size and safety assessment

Based on the mortality rate in the observation subset (8), a sample size of 426 for the
intervention cohort was calculated to detect at least a 13% difference in the primary outcome
of 30-day mortality between study groups with a power of 80% and a two-sided significance
level of 0.05. An independent data safety monitoring board met three times during the study
to review whether the number of deaths in the intervention cohort exceeded the number of
deaths in the observation cohort. Since the study was not a randomized controlled trial, no
parameters were set for early halting of the study if the number of deaths in the intervention
cohort was less than in the observation cohort.

Statistical analysis

Statistical analyses were performed using SPSS version 17.0 (SPSS Inc., USA). Baseline
characteristics of the two study groups were compared using a chi-square test for
comparisons of proportions and the Mann-Whitney U test for comparisons of continuous
variables. Kaplan—Meier estimates of mortality for the two study groups were compared
with the log-rank test. Patients lost to follow-up before 30 days contributed follow-up time
until their last known assessment of vital status and were censored thereafter.

Cox proportional hazards regression analysis was performed to evaluate the difference in the
unadjusted and adjusted hazard for 30-day mortality between the intervention cohort and
observation cohort. To assess for confounding of the effect of the intervention on 30-day
mortality, the following covariates were included in the model: sex, age, temperature, heart
rate, respiratory rate, blood pressure, white blood cell (WBC) count, hemoglobin
concentration, platelet count, admission KPS score, Glasgow Coma Score, HIV serostatus,
CD4 count, highly active anti-retroviral therapy (HAART), prophylactic trimethoprim-
sulfamethoxazole, malaria blood smear result and aerobic blood culture result. In order to
determine the best fit of continuous variables in the model, -2 likelihood ratios (LR) for
different variable formulations (e.g., continuous, dichotomous based on clinical break-
points, and quadratic) were compared. The formulation with the lowest —2LR was included
in the model along with the remaining covariates and backwards eliminated if the
significance level was greater than 0.05. The final parsimonious model was comprised of
statistically significant, independent predictors of 30-day mortality.

To demonstrate their relationship to 30-day mortality, sepsis management variables
describing volume of fluid resuscitation and timing to antibacterial administration were
evaluated in a separate multivariate Cox proportional hazards regression model. This model
did not contain the primary cohort exposure variable but contained the same potential
confounders as above in addition to a covariate for empiric administration of antimalarial
therapy. Only covariates with a significance level less than or equal to 0.2 at the univariate
level were included in the multivariate analysis. Again, covariates were backwards
eliminated from the multivariate model if the significance level was greater than 0.05.
Indicator variables for strata of volume resuscitation (with < 1000mL as the referent group)
and time to antibacterial administration (with no antibiotics as the referent group) were
included in the model.

RESULTS

Participant characteristics

Patients enrolled in both cohorts were similar in age, SBP, admission KPS scores, lactate
levels, and proportion infected with HIV (Table 1). Compared to observation cohort
patients, a greater proportion of intervention cohort patients were tachycardic and male;
also, hypothermia and lower hemoglobin concentrations occurred more frequently in
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intervention cohort patients than observation cohort patients. Among those who were HIV-
infected, more patients in the intervention cohort were taking HAART and trimethoprim-
sulfamethoxazole prophylaxis at the time of hospitalization and had higher CD4 counts
compared to the observation cohort.

Fluid management

The median volume of fluid provided to intervention patients in the first six hours of
hospitalization was 3000 mL (IQR 2500-4000) (Table 2). This volume was significantly
greater than the median 500 mL (IQR 300-1000) administered to observation patients
(p<0.001); less than 1% of patients in the observation cohort received more than 3000 mL.
A significantly higher percentage of intervention patients received fluids in the initial hour
of admission compared to observation patients (97.1% vs 55.1%, p<0.001). Patients from
the intervention cohort experienced a significantly larger median increase in SBP at six
hours than patients from the observation cohort (12 vs 5 mmHg, p<0.001).

At the univariate level, a decreased hazard for 30-day mortality existed in patients receiving
fluid volumes greater than 1000 mL of normal saline (Figure 2a). Compared to patients
receiving less than 1000 mL in the first 6 hours of hospitalization, patients receiving
between 1000 and 2500 mL of fluid in the first 6 hours had a significantly decreased hazard
of 30-day mortality (HR 0.54, 95%CI 0.38-0.77, p=0.001). In addition, patients receiving
more than 3500 mL had a significantly decreased hazard of 30-day mortality and patients
receiving between 2500 and 3500 mL had a trend towards increased survival (Table 4).

Antimicrobial management

A significantly greater proportion of intervention patients received antibacterial therapy in
less than one hour compared to observation patients (67% vs. 30.4%, p<0.001) (Table 2). In
addition, a significantly smaller proportion of intervention patients were provided an
antibacterial regimen categorized as inappropriate compared to observation patients (81% vs
95.3%, p<0.001). Regarding other antimicrobial therapy, more observation patients received
anti-malarial therapy as part of their empiric antimicrobial regimen than intervention
patients (21.6% vs. 15.5%, p=0.04).

At the univariate level, early receipt of antibiotics was significantly associated with a
decreased hazard of 30-day mortality compared to receiving no antibiotics (Figure 2b). Both
antibiotic administration in less than 1 hour (HR 0.49, 95%CI 0.28-0.87, p=0.02) and
between 1 and 6 hours (HR 0.40, 95%CI 0.22-0.73, p=0.003) were significantly associated
with a decreased hazard for 30-day mortality (Table 4).

Patient follow-up

Vital status at 30 days after hospital admission was available for 390 (91.3%) intervention
cohort patients and 227 (92.7%) observation cohort patients (p=0.6). Eighteen (7.3%) of 245
patients from the observation cohort were lost to follow-up by 30 days, after a median 9.5
days (IQR 5.7-13.0). In the intervention cohort, 37 (8.7%) of 426 patients were lost to
follow-up after a median five days (IQR 3.0-10.5).

Impact of early sepsis management on mortality

Mortality at 30 days in patients from the intervention cohort was 33.0%, compared to 45.7%
in the observation cohort (p=0.005, Figure 3). In unadjusted Cox proportional hazards
analysis, the hazard of 30-day mortality was significantly reduced in intervention patients
compared to observation patients (HR 0.70, 95% CI 0.54-0.90, p=0.006). Adjustment for
potential confounders did not significantly alter the relationship between the intervention
cohort and 30 day mortality (adjusted HR 0.74, 95%CI 0.55-0.98, p=0.038) (Table 3). In a
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separate Cox proportional hazards analysis evaluating the independent effect of the fluid and
antibacterial management variables on 30-day mortality, antibiotic administration and
increased volume of fluids were independently associated with a decreased hazard of 30-day
mortality (Table 4).

Adverse events from fluid resuscitation in the intervention cohort

Changes in the respiratory examination were noted in 56 (13.1%) of 426 intervention cohort
patients during the period of fluid resuscitation. Of those 56 patients, 44 (78.6%)
experienced a 3% decrease in oxygen saturation, 18 (32.1%) developed new crackles on
lung examination, and 26 (46.4%) developed an increase in respiratory rate by five breaths
per minute. Patients with respiratory examination changes did not receive a significantly
greater median volume of fluid resuscitation than patients without examination changes
[3500 (IQR 2365-4500) vs. 3000 (IQR 2500-4000) mL, p=0.1]. At the univariate level, 30-
day mortality was significantly greater in patients with respiratory deterioration compared to
patients without respiratory deterioration [48.1% (25/52) vs 31.1% (103/331), HR 1.78,
95%Cl 1.15=2.75, p=0.010]. After adjusting for baseline indicators of illness severity
(admission KPS score, lactate concentration, and respiratory rate) and for fluid volume
provided in the first six hours, baseline indicators of illness severity were significantly
associated with an increased hazard for 30-day mortality. In contrast, the development of
respiratory examination changes was no longer significantly related to 30-day mortality (HR
1.03, 95%CI 0.32-3.34, p=1.0), nor was the interaction term between fluid volume and the
development of changes in respiratory examination (p=0.8).

Role of patient attendants in the intervention cohort

The majority (76.8%, 328/412) of patient attendants could alert the study team medical
officer when fluid bottles were nearly empty. The main reasons for attendants being unable
to alert the medical officer (n=84) were that the attendant was no longer present (72.3%), the
attendant failed to understand the instructions (25.3%) or the attendant on the ward was
different from the one who received instructions from the study team (6.1%).

DISCUSSION

In a prospective intervention study conducted at two Ugandan public hospitals, we
demonstrated that patients with severe sepsis receiving early monitored management
(including fluid and antibiotic administration) had a 30% decreased hazard for 30-day
mortality compared with patients receiving standard management. Compared to observation
cohort patients, intervention cohort patients received significantly greater and earlier
volumes of fluid as well as earlier antibiotic administration over the first six hours of
hospitalization. We separately showed that fluid and antibiotic administration were
independently associated with a decreased hazard of mortality. This study is the first to show
that improved management of adult hospitalized patients with severe sepsis can lead to
increased survival in a resource-constrained setting such as Uganda.

While fluid resuscitation remains a cornerstone in the management of septic patients with its
benefits reported in animal studies, no definitive studies have evaluated the benefit
attributable to fluids alone on survival in adults with severe sepsis(12). To date, the benefits
of fluid resuscitation in adult sepsis patients from highly-resourced settings are reported in
the context of goal-directed therapy with other treatment modalities including inotrope usage
and blood transfusion (16). Our study demonstrates an independent and significant
association with increased survival in patients who received greater than 1L of normal saline
within the first 6 hours of hospitalization. We, however, were unable to show improvement
in survival with increasing increments of fluid resuscitation even after adjusting for
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covariates associated with illness severity. To be sure, the intervention was comprised of
fluids provided by a study attendant who additionally provided regular monitoring and
influenced antimicrobial management within the first 6 hours of hospitalization. Thus, we
cannot attribute the improvement in mortality to fluids alone; rather, we attribute the
intervention effect to a management bundle comprised of fluids, antibiotics and early
monitoring by a dedicated health officer. Further studies in high and low-resourced settings
are required to more definitively evaluate for a “dose response” to increasing volumes of
fluid resuscitation.

Importantly, our results demonstrate that fluid resuscitation can be safely administered with
few additional resources and with clear clinical benefit. Importantly, we showed that a
median of three liters of fluid can be administered under close monitoring without increasing
mortality from respiratory compromise. A small proportion (13%) of intervention patients
experienced a change in respiratory examination after initiation of the intervention; those
who experienced this change, however, did not receive a significantly greater amount of
fluid than those who did not experience a change in respiratory examination. While there
was no significant association between respiratory examination changes and mortality after
adjustment for measures of illness severity (including admission KPS score and lactate
concentration) and volume of fluid resuscitation, baseline illness severity remained an
independent predictor of mortality suggesting that baseline illness severity and not fluid
administration explained any potential relationship between respiratory status and mortality
hazard.

In addition, we report that administration of antibiotics occurred significantly more
frequently in intervention cohort patients than observation cohort patients and was
independently associated with a decreased hazard for 30-day mortality. We were, however,
unable to show an incremental decrease in survival with increasing time to antibiotics as has
been shown in previous studies (10, 13). Misclassification bias introduced by the
antibacterial administration categories available from both cohorts (i.e.,< 1 hour, 1-6 hours
and >6 hours) may have contributed to our inability to report improved outcome with earlier
time to administration of antibacterials. Accordingly, it is possible that the majority of
patients in the 1-6 hour category received antibacterials closer to 1 hour which would have
skewed the effect of that category relative to the less than 1 hour category. In addition, this
limitation could be a result of the high proportion of inappropriate antibacterials
administered in both cohorts. If our categorization of appropriateness of antibacterial
regimens is accurate, then the likelihood of seeing a benefit of early antibacterial
administration is low. Notably, we ultimately did not include in the model the covariate
describing appropriateness of the antibacterial regimen because of the risk for introducing
further misclassification. Given the high frequency of culture negative sepsis and lack of
culture and sensitivity data for these patients (68.3% in the intervention cohort and 78.8% in
the observation cohort), the majority of antibacterial regimens required inference about
appropriateness. Future studies should be conducted to evaluate the additional benefit of
early, appropriate antimicrobial treatment for severely septic patients in settings like
Uganda.

A lack of material supplies and skilled health workers contributes to the inability to achieve
optimal sepsis management in settings like Uganda (14, 15). In busy hospitals which admit
many patients, addition of a health worker dedicated to the provision of fluid resuscitation,
early antibiotics and monitoring of critically ill patients may improve survival. Alternatively,
hospitals with more health workers or fewer patients may be able to decrease mortality in
severely septic patients with a sepsis management bundle without requiring an extra health
worker dedicated to the management of critically ill patients. We also show an approach to
augment management of severely ill patients with the use of a patient attendant. With more
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than 75% of the attendants successful in alerting the designated medical officer when fluid
bottles were nearly empty, using patient attendants as an alert mechanism during
resuscitation is a feasible option for busy health providers managing severely septic patients
in resource-constrained settings and further studies evaluating this topic are needed.

The before and after observational study design is a major limitation of this study as there
are both known and unknown potentially confounding variables that may not be balanced in
a non-randomized study. While a randomized clinical trial would have unequivocally
demonstrated the effect of the intervention on mortality, this study design was considered
unethical at the time the study was being reviewed given the clinical benefits of fluid
resuscitation supported by physiologic understanding and data from other settings (12, 16).
While standard management of critically ill patients did not change at study sites during this
period, a stepped-wedge community trial design for future studies of severely ill hospitalized
patients might enable better assessment of the intervention effect (17). Also, recent findings
on the potential detrimental effects of fluid resuscitation in severely infected East African
children may introduce sufficient equipoise to justify to ethical review committees that a
randomized clinical trial is indeed warranted to evaluate the benefits of fluid resuscitation
and other sepsis management components in adults from settings like Uganda (18).

Another major limitation for the study is the two-year time gap which occurred between the
two study cohorts. A potential source of bias introduced by this gap includes a Hawthorne
effect by which overall management of patients with severe sepsis could have improved in
the intervention cohort as an indirect consequence of conducting the observational study.
Early management of patients with severe sepsis in the intervention cohort, however, was
provided by the study medical officer and, therefore, care of intervention cohort patients for
the first 6 hours of their hospitalization was directly influenced by this medical officer. After
that period, it did not appear that patient care differed between cohorts as illustrated in Table
2 in which the measured volume of fluid administered in the period between 6 and 24 hours
was the same (500 mL) for both cohorts. Also, the majority of patients in both cohorts were
HIV-infected, reflecting high morbidity among persons with HIV in this setting (2). We
observed greater HAART use in the intervention cohort, but adjustment for HAART and
CD4 count in the multivariate analysis did not alter the effect of early sepsis management on
30-day mortality, likely since patients were severely immunosuppressed with CD4 counts
less than 70 lymphocytes/mm?3 in both cohorts. Finally, selection bias may have been
introduced from the limitation that patients were only enrolled during daytime hours
excluding weekends. The period of enrollment was primarily limited by the business hours
during which collaborating laboratory institutions were open to process blood samples for
blood cultures and investigations. Importantly, the period of study enrollment was the same
for both cohorts so it is unlikely that this limitation disproportionately affected the results of
either the observation or intervention cohorts.

CONCLUSIONS

This study demonstrates to health providers working in resource-constrained settings that a
simple and inexpensive intervention can save lives and is feasible even in a busy public
hospital. Provision of fluid resuscitation, antimicrobials and regular monitoring can occur
with minimal or perhaps no additional staffing and can be augmented by patient attendants.
Similar studies which assess the feasibility and cost effectiveness of other interventions for
averting the high mortality of severely septic patients are needed to develop an evidence-
based sepsis bundle which is applicable to low-income settings.
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Figure 1.

Study composition and 30-day survival
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Kaplan-Meier survival curves comparing 30-day mortality between study groups
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Table 1
Enrollment characteristics of intervention and observation cohorts
Characteristic Intervention cohort (n=426)2  Observation cohort (n=245)2  p-value
Demographics:
Age in years; median (IQR) 34 (27-40) 34 (28-41) 0.4
Female [n (%)] 219 (51.4) 150 (61.2) 0.01
Admission vital signs:
Temperature<35.5°C [n (%)] 33(7.8) 31(12.9) 0.04
Temperature>37.5°C [n (%)] 243 (59.0) 136 (56.4) 0.5
Heart rate, beat/min; median (IQR) 127.5 (113-143) 120 (106-134.8) 0.001
Respiratory rate, breaths/min; median (IQR) 36 (28-42) 38 (30-44) 0.2
Systolic blood pressure, mmHg; median (IQR) 85 (78-90) 81 (70-90) 0.5
HIV descriptors:
Number HIV-infected [n(%)] 362 (86.2) 207 (85.2) 0.7
CD4 count in lymphocytes/mm?; median (IQR)? 63 (15-178) 43 (11-109) 0.003
Number unaware of HIV status [n(%)]b 71(19.7) 55 (26.6) 01
Number on trimethoprim-sulfamethoxazole prophylaxis [n 238 (64.7) 105 (50.5) 0.001
612
Number on HAART [n(%)]? 81(23.5) 27 (13.0) 0.003
Other clinical variables:
Admit KPS; median (IQR) 40 (30-50) 40 (30-50) 0.1
Admit Glasgow Coma Score, median (IQR) 15 (15-15) 15 (15-15) 0.1
Lactate concentration, mmol/L; median (IQR)¢ 393149 3.7(29-4.9 02
White blood cell count, cells/mL median (IQR) 4800 (2800-8800) 5500 (3200-9400) 0.2
Platelet count, cells/mL; median (IQR) 197,000 (109,750-303,750) 212,000 (123,250-363,000) 0.04
Hemoglobin in g/dL; median (IQR) 9.2 (7.5-11.3) 8.4 (6.3-10.5) 0.001
Malaria-positive smear [n(%)] 63 (14.8) 38 (15.5) 0.8
Aerobic blood culture positive [n(%)] 49 (12.5) 34 (13.9) 0.6
« non-typhoidal Sa/monella *10(2.3) « 16 (6.5) —
« Streptococcus pneumoniae *22(5.2) *4(1.6)
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Characteristic Intervention cohort (n=426)2  Observation cohort (n=245)2  p-value
 Staphylococcus aureus *7(1.6) *7(2.9)
 Escherichia coli «3(0.7) *3(1.2)
« Cryptococcus neoformans *6(1.4) *3(1.2)
* Proteus species «0(0) *1(0.4)
 Pseudomonas species «1(0.2) *0(0)

Mycobacterium tuberculosis bacteremia [n(%)]7 86 (20.1) 18 (12.0) 0.04

a . . .
Due to the occurrence of missing data found in <5% of the variables, numbers may not add up to total n;

bDenominator is number HIV-infected;

c . . . . .
Portable whole blood lactate levels were not obtained on all patients [observation cohort (n=154); intervention cohort (n=417)];

Mycobacterial blood cultures were only obtained on patients at the Mulago National Referral Hospital site (n = 150) in the observation cohort;
they were obtained at both study sites (n = 426) for the intervention cohort
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Table 2
Comparison of fluid and antimicrobial management between intervention and observation cohorts
Fluid management variables I ntervention cohort (n=426)2  Observation cohort (n=245)2  p-value
Volume of fluid administered in first 6 hours in mL; median 3000.0 (2500-4000) 500.0 (300-1000) <0.001
(IQR)
Volume of fluid administered in first 24 hours in mL; median 3500.0 (2510-4500) 1000.0 (500-1500) <0.001
(IQR)
< 1 hour to administration of initial fluids [n (%)] 404 (97.1) 135 (55.1) <0.001
Change in SBP in first 6 hours in mmHg; median (IQR) 12.0 (2.2-25.0) 5.0 (0-19.5) <0.001
Strata of volume resuscitation administered in first 6 hours [n <0.001€
)]
« 0-1000 mL? 5(1.2) 200 (81.6)
10012500 mL 144 (34.2) 43 (17.6)
25013500 mL 132 (31.4) 0(0.0)
*>3500 mL 140 (33.3) 2(0.8)
Antimicrobial management variables
Time to administration of antimicrobials [n (%)] <0.001¢
« Never given? 0(0) 21(8.8)
<1 hour 284 (67) 73 (30.4)
« Between 1 and 6 hours 128 (30.2) 50 (20.8)
«>6 hours 12 (2.8) 96 (40)
Inappropriate antibacterial regimen administered [n (%)] 344 (81.1) 223(95.3) <0.001
Administration of antimalarial as empiric therapy [n (%)] 66 (15.5) 53 (21.6) 0.04

a o . .
Due to the occurrence of missing data found in <5% of the variables, numbers may not add up to total n;

b . - .
Referent category with respect to indicator variables;

c - .
Global p-value for indicator variables compared to referent category
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Multivariate Cox proportional hazards analysis of the relationship between cohort and 30-day mortality

adjusted for potential confounders

Table 3

Factor Adjusted Hazard Ratio (95% CI) p
Intervention cohort? 0.74 (0.55-0.98) 0.04
Female sex 0.64 (0.48-0.85) 0.002
Admission Karnofsky Performance Scale score€ 0.78 (0.68-0.89) <0.001
(Admission Glasgow Coma Scale score)? € 0.92 (0.89-0.96) <0.001
(Admission heart rate)? per 10° beats/min 1.37 (1.05-1.79) 0.02
Admission respiratory rate per 10 breaths/min 1.22 (1.07-1.39) 0.004
Admission systolic blood pressure per 10 mmHg 0.86 (0.79-0.94) 0.001
CD4 count per 20 cells/mm3 0.95 (0.92-0.98) 0.001
(Admission white blood cell count)? per 107 cells/mL ~ 1.04 (1.01-1.07) 0.003
(Admission hemoglobin)? per 10 g/dL 0.96 (0.94-100) 0.03
Admission platelets per 10° cells/mL 0.86 (0.78-0.96) 0.006

a .
Compared to observation cohort;

bCompared to normal range of temperature (35.5°C-37.5°C);

C .
Per 10-unit increase
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Unadjusted and adjusted Cox proportional hazards analysis of independent predictors of 30-day mortality
including factors associated with sepsis management

Unadjusted Hazard Ratio

Adjusted Hazard Ratio

Factor (95% Cl) p (95% CI) p
Female sex 0.84 (0.65-1.09) 0.19 0.68 (0.51-0.91) 0.008
Age, 18 to 29 years old? 0.98 (0.65-1.48) 0.94 - -
Age, 30 to 44 years old4? 1.26 (0.87-1.85) 0.22 - -
HIV-infected 2.16 (1.23-3.59) 0.003 - NS
Taking trimethoprim-sulfamethoxazole prophylaxis 1.20 (0.92-1.55) 0.18 -- NS
Taking HAART 1.18 (0.85-1.64) 0.33 - .
Admission Karnofsky Performance Scale score? 0.69 (0.62-0.76) <0.001 0.71(0.62-0.81) <0.001
(Admission Glasgow Coma Scale score)? & 0.89 (0.86-0.92) <0.001 0.92 (0.89-0.96) <0.001
Temperature>37.5°C¢ 1.17 (0.86-1.57) 0.32 - NS
Temperature<35.5°CC 1.96 (1.28-2.99) 0.002 1.80 (1.12-2.91) 0.02
Admission (heart rate)? per 10* beats/min 1.44 (1.14-1.82) 0.002 1.52 (1.15-2.02) 0.004
Admission respiratory rate, breaths/min 1.24 (1.12-1.38) <0.001 1.21 (1.05-1.38) 0.007
Admission systolic blood pressure, mmHg 0.87 (0.80-0.94) <0.001 0.86 (0.79-0.94) 0.001
CD4 count per 20 cells/mm?3 0.93 (0.91-0.96) <0.001 0.96 (0.93-0.98) 0.002
(Admission white blood cell count)? per 107 cells/mL 1.03 (1.00-1.06) 0.06 1.04 (1.01-1.07) 0.005
(Admission hemoglobin)? per 10 g/dL 0.92 (0.90-0.95) <0.001 - NS
Admission platelets per 10° cells/mL 0.82 (0.74-0.90) <0.001 0.86 (0.78-0.96) 0.006
Positive malaria blood smear 1.14 (0.80-1.62) 0.48 - -
Positive aerobic blood culture 1.12 (0.77-1.63) 0.55 - -
Antimicrobial taken prior to hospitalization 0.98 (0.75-1.27) 0.85 - -
Antimalarial given during hospitalization 0.69 (0.48-0.99) 0.05 - NS
Time to initial antibiotics, <1 hourd 0.49 (0.28-0.87) 0.02 0.44 (0.21-0.89) 0.02
Time to initial antibiotics, 1 to 6 hours? 0.40 (0.22-0.73) 0.003 0.29 (0.14-0.62) 0.001
Time to initial antibiotics, >6 hours? 0.58 (0.31-1.07) 0.08 0.39 (0.19-0.81) 0.01
Volume of fluids in the first 6 hours, 1001 to 2500 mL¢ 0.54 (0.38-0.77) 0.001 0.54 (0.35-0.82) 0.004
Volume of fluids in the first 6 hours, 2501 to 3500 mL¢ 0.74 (0.52-1.06) 0.10 0.72 (0.47-1.11) 0.14
0.69 (0.48-0.98) 0.04 0.61 (0.39-0.94) 0.02

Volume of fluids in the first 6 hours, >3500 mL€

aCompared to age = 45 years old;
b -

Per 10-unit increase;
cCompared to 35.5 to 37.5°C;

Compared to patients receiving no initial antibiotics;

61Compared to patients receiving < 1000 mL in the first 6 hours of hospitalization
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