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Abstract

Objectives—Acute infectious diseases are the most common cause of under-5 mortality.
However, the hospital burden of non-neonatal pediatric sepsis has not previously been described in
the resource poor setting. The objective of this study was to determine the prevalence of sepsis
among children 6 months to 5 years of age admitted with proven or suspected infection and to
evaluate the presence of sepsis as a predictive tool for mortality during admission.

Design—In this Prospective cohort study we used the pediatric International Consensus
Conference definition of sepsis to determine the prevalence of sepsis among children admitted to
the pediatric ward with a proven or suspected infection. The diagnosis of sepsis, as well as each
individual component of the sepsis definition, were evaluated for capturing in-hospital mortality.

Setting—The pediatric ward of two hospitals in Mbarara, Uganda

Patients—Admitted children between 6 months and 5 years with a confirmed or suspected
infection.

Interventions—None

Measurements and Main Results—One thousand three hundred and seven (1307) subjects
with a confirmed or suspected infection were enrolled and 65 children died (5.0%) during their
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admission. One thousand one hundred and twenty-one (85.9%) met the systemic inflammatory
response syndrome criteria, and therefore were defined as having sepsis. The sepsis criteria
captured 61 deaths, demonstrating a sensitivity and specificity of 95% (95% CI 90% — 100%) and
15% (95% CI 13% — 17%), respectively. The most discriminatory individual component of the
SIRS criteria was the leukocyte count which alone had a sensitivity of 72% and a specificity of
56% for the identification of mortality in hospital.

Conclusions—This study is among the first to quantify the burden of non-neonatal pediatric
sepsis in children with suspected infection, using the international consensus sepsis definition, in a
typical resource constrained setting in Africa. This definition was found to be highly sensitive in
identifying those who died, but had very low specificity as most children who were admitted with
infections had sepsis. The SIRS-based sepsis definition offers little value in identification of
children at high risk of in-hospital mortality in this setting.
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Introduction

Pediatric sepsis is defined by the Pediatric International Consensus Conference as the
presence of the systemic inflammatory response syndrome (SIRS) in association with a
confirmed or suspected infection.? The current sepsis definitions consist of a continuum of
syndromes progressing from sepsis (above) to severe sepsis to septic shock based on the
presence of organ dysfunction. These definitions were initially developed for use in clinical
research but have been progressively introduced into clinical care. In adults, for instance, the
systemic inflammatory response syndrome, has been incorporated into emergency
department early warning scores for serious infectious illness.2 These definitions also form
the basis for guideline development in both adults and pediatrics in developed countries.3 In
the resource constrained context, however, sepsis as a syndrome is largely absent from the
pediatric global health lexicon, with the notable exception of neonatal sepsis. This is
surprising given the fact that most admitted children suffer from infections as compared to
all other pathologies. Rather, infectious disease is considered vertically, with a disease
specific focus rather than an infectious syndrome based approach. While this approach fits
well with the incorporation of disease specific treatment algorithms, it neglects the fact that
multiple diseases may exist concurrently, and that a general syndrome of severe infection
may be helpful in defining risk and guiding treatment in these populations.

Although sepsis, with its definitions of increasing severity, may be helpful as early warning
signs of risk among children admitted with infectious diseases, only well-resourced centers
can actually provide such diagnoses since the resources required are often not available or
too costly for routine use in low resource settings. This is a clear and recognized limitation
of the current definitions of sepsis.?> Even the most basic SIRS-based definition of sepsis
requires a white blood cell count which is often not available in lower level health facilities.
Currently no studies have been conducted in resource constrained settings to determine the
prevalence of sepsis at the time of hospital admission, nor its ability to identify children who
die of an infectious illness. The purpose of this study was to determine the hospital burden
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of pediatric sepsis using its most basic definition (SIRS in association with suspected or
proven infection), among children admitted with suspected infection, and to evaluate the
presence of sepsis as a predictor of infectious disease-associated mortality during admission.

Materials and Methods

This study was conducted as a secondary analysis of a previously conducted study
evaluating pediatric post-discharge mortality in Uganda. The methods have been previously
described in detail b Briefly, this was a two-site, hospital-based cohort study in Mbarara,
Uganda. All children between 6 months and 5 years of age who were admitted to either site
with a suspected or proven infection were screened for eligibility. Enrollment occurred
between March 2012 and January 2013. A research nurse obtained consent from a parent/
guardian of all enrolled children and then collected admission variables including vital signs
and blood for a laboratory testing, including HIV, malaria, and a complete blood count.
Demographic variables including age, sex, known comorbidities, anthropometric variables
(weight, length/height, mid-upper arm circumference), length of stay, discharge diagnosis
and in-hospital vital status were also obtained. All children received routine care in
accordance to the Ugandan national guidelines during their admission under the care of the
hospital medical team.” The medical team included pediatricians, medical residents, medical
interns, nurses and nursing interns. This study was approved by the research ethics boards of
the University of British Columbia (Vancouver, Canada) and the Mbarara University of
Science and Technology (Mbarara, Uganda).

Outcomes and objectives

The primary outcome was the burden (prevalence) of sepsis (SIRS) among admitted subjects
admitted with a proven or suspected infection, and to determine its performance (sensitivity,
specificity and positive/negative predictive values) in predicting death during admission.
Sepsis was defined following the Pediatric International Consensus Conference definition as
the presence of the systemic inflammatory response syndrome (SIRS) in association with a
confirmed or suspected infection (Table 1). Since temperature was measured via an axillary
probe, it was assumed to be 0.5°C lower than a core temperature, based on Stine et al.®
Therefore, the threshold for meeting the hyperthermia cut-off was reduced from 38.5°C to
38.0°C. Secondary outcomes included the proportion of subjects meeting the cut-off points
for each component of the sepsis definitions (heart rate, respiratory rate, leukocyte count,
temperature) and the proportion of subjects meeting the sepsis definition by each defining
criteria (temperature with leukocyte count, temperature with heart rate, temperature with
respiratory rate, leukocyte count with respiratory rate and leukocyte with heart rate) and to
determine the predictive performance characteristics of these individual criteria in predicting
mortality.

Statistical analysis and sample size

The sample size was 1307 subjects, the sample enrolled for the primary study analysis
previously reported.® Analysis was primarily descriptive. Proportions were calculated along
with 95% confidence intervals. All analyses were conducted using SAS 9.3 (Carey, NC).
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One thousand three hundred and seven (1307) subjects with a confirmed or suspected
infection were enrolled following the screening of 1824 admitted subjects during the course
of the study (Figure 1). The median age of enrolled subjects was 18 months (IQR 11 — 34)
and 717 (54.9%) were male (Table 2). Among the enrolled subjects, 380 (29.1%) were
underweight (weight for age z-score < —2), 473 (36.2%) were wasted (weight for height/
length z-score <—2) and 368 (28.5%) were stunted (length/height for age z-score <-2). The
most common diagnoses made by the medical team during the course of admission included
pneumonia (31%), clinical malaria (50%) and gastroenteritis/diarrhea (8%). The median
length of stay was 3 days (IQR 2 - 5).

Sepsis and mortality

Over the course of admission, 65 children died (5.0%). The median time to death was 2 days
from admission (IQR 1 - 5). Out of the 1307 subjects enrolled with a confirmed or
suspected infection, 1121 (85.9%) met the systemic inflammatory response syndrome
criteria, and therefore were defined as having sepsis. The sepsis criteria identified 61 out of
64 deaths (1 death was excluded due to missing data resulting in inability to determine SIRS
status) among children admitted with an infection, demonstrating a sensitivity and
specificity of 95% and 15%, respectively, p=0.027. The corresponding positive and negative
predictive values were 5.4% and 98.4%, respectively (Table 3). Of those who died, 27
(42%), 19 (29%), 7 (11%) and 7 (11%) had a final diagnosis of malaria, pneumonia,
diarrhea and meningitis, respectively (Table 4). Seven (11%) were diagnosed with more than
one primary infection (pneumonia + malaria, pneumonia + meningitis etc.) and 8 (12%)
were diagnosed with sepsis that was unspecified.

The proportion of children meeting each SIRS criteria and those meeting the sepsis
definition based on each combination are shown on Table 3. Overall, 587 (45%) of subjects
had a leukocyte abnormality (12% below the age-threshold and 88% above). One thousand
and forty-two (80%) had a temperature abnormality, of whom 36 (3.5%) were hypothermic
and 1006 (96.5%) were hyperthermic. Four hundred and fifty-three (35%) had a heart rate
abnormality. One thousand two hundred forty-six (95%) were tachypneic according to the
SIRS criteria. For the five combinations of criteria defining SIRS, abnormal temperature
with tachypnea was the most sensitive (81%) providing positive and negative predictive
values of 4.8% and 93.3%. The combination of abnormal leukocyte with abnormal heart rate
was the most specific (84%) in the prediction of mortality (PPV 7.8%; NPV 95.7). The
distribution of diagnoses between these groups did not differ substantially. The presence of
any two or any three criteria did not result in any additional improvement in the sensitivity
or specificity. Having any two criteria had sensitivity equal to the full sepsis definition, but
had lower specificity (0.12) and having any three criteria had equal sensitivity but
significantly lower specificity (0.47) than the use of WBC alone.

Septic vs non-septic children

Several differences were noted between those who fulfilled the sepsis criteria and those who
did not (Table 5). Older age was associated with sepsis diagnosis, with a mean age of 24.1
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months and 20.8 months in those diagnosed with sepsis and no sepsis, respectively,
p=0.0059. Children with sepsis had a slightly lower median SpO2 (94% vs 95%), p=0.002).
Paradoxically, children with sepsis had higher height for age z-scores. Sepsis was not
associated with differences in mid-upper arm circumference, weight for age z-score or
weight for height/length z-score. Further, sepsis was not associated with length of stay,
hemoglobin at admission or HIV status.

Discussion

This study is one of the first to quantify the burden of non-neonatal pediatric sepsis among
children with proven or suspected infections, using the international consensus definition of
sepsis, in a typical resource constrained hospital setting in Africa. The burden of sepsis is
very high with most children admitted to hospital with a suspected or confirmed infection
being septic by this definition (over 85%). Of all screened subjects (with and without a
proven/suspected infection) over 60% were septic. Five percent of admitted children died
during the course of their hospital stay. Deaths occurred early during admission, a common
observation in this setting. Nearly all enrolled children who died were septic at the time of
admission. However, while sepsis was sensitive in identifying children who died it lacked
specificity and suggests the need for more specific criteria to identify children at high risk of
mortality.

Application of the international consensus definitions of severe sepsis or septic shock may
be an alternative starting point in identification of children at high risk of in-hospital
mortality. Of the four criteria used in the SIRS definition, an abnormal respiratory rate,
followed by an abnormal temperature, were the most common criteria present at admission,
with an abnormal respiratory rate occurring in over 95% of children admitted with a
suspected infectious illness. The leukocyte count appeared to be the most discriminatory
variable among the SIRS variables, with a sensitivity and specificity of 72% and 56%,
respectively. This confirms the importance of this parameter in the SIRS definition.
However, the resources required for obtaining leukocyte counts are not available in the
majority of hospitals and health centers in resource poor countries.

Few studies have evaluated SIRS (or SIRS based-sepsis) in the pediatric context. Hospital
studies in Latvia and India have evaluated SIRS prevalence in children but have not
evaluated these criteria as potential risk-markers.10:11 In an adult context, a recent study
found that among over 100,000 adult ICU patients with severe sepsis (infection with organ
dysfunction), nearly 90% were SIRS positive. More importantly, they found that SIRS
criteria poorly defined the transition point to death.12 This re-affirms others who have
suggested that the SIRS-based sepsis criteria are not ideal for risk prediction.13.14

Several risk scoring models have been developed for the purpose of predicting pediatric
mortality, such as the Pediatric Risk of Mortality (PRISM) and the Pediatric Index of
Mortality (PIM) models.2>-17 These models, developed in high resource environments, have
little utility in low resource settings where there are major differences in underlying patient
characteristics (malnutrition, HIV etc.) and lack of resources required to measure important
variables necessary for these models (ex. fi02, base excess etc.). Thus, in resource poor

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wiens et al.

Page 6

settings, triage scores and risk prediction are not well established. In an effort to improve
care in resource poor countries alternatives such as the emergency triage assessment and
treatment (ETAT) program of the WHO has been developed and implemented with notable
success in Malawi, where significant reductions in in-hospital mortality were observed.18
This program included the application of a triage system alongside improved coordination
with outpatient departments, improved patient flow and extensive training. While the scaling
of triage programs such as ETAT must be encouraged, the development of risk-scoring tools
could enhance the triage process and aid in clinical management and resource allocation to
vulnerable children. Moreover, a robust triage process should be intimately linked with
treatment protocols including monitoring to improve outcomes. Another system, the
integrated management of childhood illness (IMCI) is well-recognized and increasingly
utilized for the diagnosis and treatment of common childhood illnesses in resource poor
settings, but has no integrated approach to risk stratification. The use of danger signs could
be used for this purpose, and has been evaluated in Tanzania to determine its predictive
characteristics.19 In a referral hospital in Northern Tanzania, the presence of one or more
danger signs had a sensitivity and specificity of 76% and 38%, respectively to capture
children who died in hospital. In our study, a sole leukocyte abnormality had similar
characteristics with a sensitivity and specificity of 72% and 56%, respectively. Our research
group’s recent analysis of the dataset from which this present study is described has derived
a prediction model using only the readily available variables of weight for age z-score,
Blantyre coma score and HIV status. Our model had a sensitivity of 83% and specificity of
76% for mortality, significantly higher than either a SIRS based criteria or an IMCI based
criteria (submitted).®

Although we found that sepsis as defined by the international consensus conference adds
little value in prediction, we feel that “the sepsis syndrome” (infection with organ
dysfunction) adds value to the approach to diagnosis and treatment in resource limited
settings and that the failure to recognize this is a major drawback in delivering of care in
these settings where resources including personnel are few with limited clinical skills and
poor laboratory facilities. It is an approach that brings pragmatic solutions for providing care
in less than ideal conditions a notion supported by experts in global health.20 In addition,
this oversight has led to “the sepsis syndrome” not being recognized as a cause of death in
children in the Global Burden of Diseases Statistics which impedes investments and major
efforts to address sepsis.2!

This study is subject to several limitations. First, sepsis criteria were evaluated only at a
single point in time, the time of admission and could not assess the development of sepsis
throughout the hospital admission. Second, this study only evaluated the presence of SIRS in
those with a proven or suspected infection. Of the 517 excluded subjects who were admitted
due to non-infectious reasons, the prevalence of SIRS (and mortality) remains unknown in
this context. Related to this is the fact that suspected infections may not have been proven in
many cases. This is a limitation in the environment where this research was conducted where
significant resource limitations make such investigations difficult, if not impossible to
conduct on a routine basis. Another limitation is that this study did not evaluate the care
received by subjects during their hospital stay as a means to determine if therapy was
relevant to outcome. Finally, this study is limited by the fact that it only enrolled subjects
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from two hospitals and therefore may not be representative of other hospitals and health
centers in East Africa. Other areas with different patient acuity and varying proportions of
diseases (such as malaria) may significantly alter the performance of a sepsis diagnosis in
relation to in-hospital mortality.

Conclusion

In conclusion, sepsis is present among most children 6 months to 5 years admitted to the
hospital in Uganda. The consensus definition of sepsis, while sensitive in capturing children
who die during hospitalization, lacks specificity. Other methods of risk stratification should
be used to aid in triage in this context, and new and more specific definitions of sepsis
relevant to this context must be developed.
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Subjects Screened

n=1824

Subjects excluded, n=517 (28.3%)
Cancer n=12
Cardiac disease n=19
Distance n=35
Isolated malnutrition n=192
Re-admission n=51
Refused consent n=22
Toxicology n=19
Other non-infectious admission n=166

Subjects enrolled

n=1307

Died in hospital
n=65 (5.0%)

Figure 1.
Consort diagram of study flow
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Table 1

a. Definition of Sepsis

Systemic inflammatory response syndrome (SIRS)

Presence of at least 2 of the following, one of which must be abnormal temperature or leukocyte count

Core temperature > 38.5°C or < 36°C
Tachycardia or Bradycardia (see below) in the absence of external stimulus, drugs etc.
Tachypnea (see below) not related to underlying neuromuscular disease or anesthesia
Leukocyte count elevated or depressed (see below)

Infection

Suspected or proven infection caused by any pathogen OR a clinical syndrome associated with
a high probability of infection

b. Age-specific cut-offs for heart rate, respiratory rate and leukocyte count

Heart Rate, Beats/Min Respiratory Leukocyte Count
Age group . . Rate, 2 3
Tachycardia Bradycardia Breaths/Min x 10%/mm
Imo-1yr > 180 <90 >34 >1750r<5
2yr-5yr > 140 N/A > 22 >1550r<6
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Characteristics of subjects (n=1307)

General characteristics
Age (months), median (IQR)

Male sex

Length of stay (days), median (IQR)

Discharge AMA

Duration of illness < 7 days
Final diagnoses
Pneumonia

Clinical malaria
Parasitemia

Gastroenteritis

Meningitis

Comorbidities

HIV

Tuberculosis
Anthropometrics
Underweight (WAZ <-2)
Severe underweight (WAZ <-3)
Wasting (WHZ <-2)
Severe Wasting (WHZ <-3)
Stunting (HAZ < -2)
Severe Stunting (HAZ < -3)
MUAC < 125

MUAC < 115

Distance from hospital

< 30 minutes

30 minutes — 1 hour

> 1 hour

Frequency, n (%)
18 (11-34)

717 (54.9)
3(2-5)

120 (9.7)

841 (64.3)

410 (31.4)
659 (50.4)
434 (33.5)
102 (7.8)
39 (3.0)

66 (5)
23(1.8)

372 (28.6)
206 (15.9)
454 (35.3)
237 (18.4)
368 (28.5)
185 (14.3)
187 (14.5)
94(7.3)

339 (25.9)
290 (22.2)
678 (51.9)

Table 2

Page 11

AMA: against medical advice; WAZ: weight for age z-score; WHZ: weight for height z-score; HAZ: height for age z-score; MUAC: mid-upper arm

circumference

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 May 01.



Page 12

Wiens et al.

alel Alojelidsal = 4y ‘ajel Leay = HH ‘ainjeladwal Arejfixe = ‘dwal 3unod 81A20xNna] = DM ‘anjen an1dIpaid aanebau = AdN ‘anjen aanoipald aanisod = Add

‘AjInj10adsal ‘er1g)1d sisdas pue SHIS [enpIAIpUl 3yl 40 Yyoea Ag painided sionlAns Jo uoriodoad ayy pue painded syieap jo uoiodoid ayl 03 Jaas ANoiyi10ads pue ANAINISUSS By L
¥

Author Manuscript

¥'86 v'S (210-€10)6T0 (00T-06'0)S6'0 (6'G8) TeTT  (UomuLAp |Ind) sisdas
1'96 AL (9z0-1200€20 (160-T12°0) T80 (L'9.) TOOT (4 + "dway) sisdos
€'G6 €G (cL0-1900L0 (sr0-Teo)ee0  (90g)66€  (YH + dway) sisdas
€16 gL (090-%50) .60 (080-950)890  (T'v¥) 2GS (¥ + 0aM) sisdag
L'S6 8L (980-280)v80 (88'0-91T°0) 220  (6'9T) 6TC (4H + 0gM) sisdas
8'96 08 (£90-290)v90 (220-L1v0)650  (89e) 8Ly (dwaL +DaM) sisdas
£'e6 8V (900-€00)500 (00T-880) ¥6'0 (v'56) 9¥2T Ajuo eaI0 ¥y
€66 €S (89'0-€90)990 (050-52'0)8€0  (L'¥E) €Sy  AlUO eLIaIId BYel LesH
9'96 'S (€z0-810) 720 (S60-820)980 (L'6L) zv0T Ajuo enapio “dway
G'.6 8L (65°0-€50)950 (€80-190)220  (2'GY) 285 Ajuo eua)I0 DGM
(12 %56) (10 %56) JOET =N
(%) AN (%) Add  AHouI0ads Junnisuss (%) u RLIBIID
a|dwres Apnis ul s1sdas pue SH|S J0J BLIA1LI [eNPIAIPUI JO SINSLIB1dRIBYD
€ 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wiens et al.

Table 4

Final diagnoses among those who died as reported by medical team (N = 65)

Diagnosis n* (%)
Malaria 27 (41)
Pneumonia 19 (29)
Diarrhea 7(11)
Meningitis 7(11)
No infection 2(3)
Sepsis (source not defined) 8 (12)
B 2(3)
Measles 1(1.5)
Any combination 7(11)

*
numbers add to more than 65 due to overlapping diagnoses in some study subjects
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Table 5

Differences between children fulfilling sepsis criteria and those not fulfilling criteria

Variable

No sepsis (n=184)

Age in months (sd) 24.2 (15.7)
Median SpO2 in percent (IQR) 94 (89-96)
Length of stay in days (sd) 4.6 (4.3)
WAZ (sd) -1.2(1.8)
HAZ (sd) -0.6 (2.7)
WHZ (sd) -1.4(2.1)
MUAC (sd) 141 (17)
Hg in g/dl (sd) 8.8(3.1)
Percent HIV positive 5.5%
In-hospital mortality 1.6%

Sepsis (n=1121)
20.8 (14.9)
95 (90-97)
4.8 (4.0)
-1.4(1.9)
-1.1(2.8)
-1.2(2.0)
138 (20)
9.2 (2.6)
3.4%

5.4%

p
0.006

0.002
0.7
0.28
0.02
0.21
0.07
0.11
0.23
0.03

WAZ: weight for age z-score; WHZ: weight for height z-score; HAZ: height for age z-score; MUAC: mid-upper arm circumference
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