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8.1  Introduction and Definitions

Although there are only limited data available, studies indicate that sepsis and septic 
shock in resource-limited settings are at least as common as in resource-rich set-
tings. There are important differences in the causative pathogens of sepsis and sep-
tic shock between resource-rich and resource-limited settings. Staffing, diagnostic 
facilities, therapeutic options, and other factors also differ in resource-limited set-
tings, which makes that the Surviving Sepsis Campaign (SSC) guidelines on sepsis 
management derived from high-income settings are not necessarily directly appli-
cable to these settings [1]. In this chapter, SSC recommendations that were deemed 
warranting additional evaluation for their use in resource-limited settings were 
reviewed specifically relevant evidence generated in resource-limited settings. 
During this exercise the European Society of Intensive Care Medicine’s and the 
Society of Critical Care Medicine’s Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3) were published [2]. For the purposes of this article, where pub-
lished studies have used former definitions of severe sepsis and septic shock to 
characterize patients, these have been left as originally published. For further clari-
fication, we refer readers to the SSC guidelines and the article in this series examin-
ing sepsis recognition [3, 4]. Resource-limited settings were defined as those within 
low- or middle-income countries according to the World Bank [5] or described as 
“resource-limited” or “developing countries” by authors of the referenced studies. 
A flowchart summarizing the approach to the management of patients with sepsis or 
septic shock in resource-limited setting is provided in Fig. 8.1.

8.2  Factors Guiding the Choice of Empiric Antibiotic Choice 
in Sepsis and Septic Shock in Resource-Limited Settings

Hospital- and especially ICU-related infections are more likely to be caused by 
multidrug-resistant organisms, and previous antibiotic use is a risk factor for antibi-
otic resistance. Misdirected initial antibiotic therapy is associated with poor out-
come [6, 7], but there is a paucity of epidemiological data in most resource-limited 
settings. The aim of empirical antibiotic therapy is to treat the causative pathogen in 
the septic patient before definitive microbiological results are available. General 
principles guiding the choice of initial empirical antibiotic therapy apply to both 
resource-rich and resource-limited settings [8, 9] and should take into consideration 
the pathogens and resistance patterns most likely to be encountered. This will 
depend on the suspected site and focus of the infection as well as healthcare setting 
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and geographical location. Increasing evidence in both resource-rich settings and 
resource-limited settings shows that inappropriate initial antibiotics are associated 
with worse outcome [10].

Specific issues to consider in resource-limited settings include the different caus-
ative microorganisms in these often tropical countries, sparse epidemiological data 
because of limited microbiological laboratory capacity, and a greater degree of anti-
microbial resistance, driven by poor stewardship especially in the private health and 
agricultural sectors. In some settings the range of available antibiotics may be 
reduced, and, compared to resource-rich settings, cost of treatment plays a larger 
role in the choice of the empirical drug as antibiotic costs are often disproportion-
ately high compared to other therapies [11].

We found only three studies from resource-limited settings that specifically 
examined the causative organisms of severe sepsis and septic shock (using previous 
SSC definitions [12]) [9, 13, 14]. We therefore included other studies describing 
causes of sepsis in resource-limited settings, which were thought representative of 
potential pathogens encountered. The collected evidence is presented below.

8.2.1  Bacterial Pathogens

A retrospective study from a tertiary referral hospital in Turkey described pathogens 
and likely sources of infection from all cases of sepsis, including patients with 
severe sepsis and septic shock, between 2002 and 2003. Gram-negative bacteria, 

Consider:

• Likely source of infection
• Local epidemiological data
• Hospital vs community infection
• Coinfection
• Risk factors for multidrug resistance
• Monotherapy/combination

Microbiological
culture

Source known?

Source control

• Cover all likely organisms
• Consider possible antibiotic resistance

Empiric antibiotics < 1hour

De-escalation possible?

Narrow spectrum appropriate antibiotics therapy

Suspected sepsis or septic shock

Fig. 8.1 Flowchart showing infection management in patients with sepsis or septic shock in 
resource-limited setting
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particularly Klebsiella spp. and Escherichia coli, were the most commonly isolated 
organisms from blood cultures (27 out of 41 isolates) and E. coli from urine culture 
(14 out of 63 samples). The respiratory tract was most frequently identified as the 
likely source of sepsis [9]. Similar results were reported from a prospective study of 
severe sepsis and septic shock in ICU patients in Thailand conducted between 2004 
and 2006. Out of 390 patients, 241 patients had microorganisms isolated from any 
site, and 106 had positive blood cultures [14]. The main pathogens were Klebsiella 
pneumoniae (19.9%) and E. coli (14%). Again, the respiratory tract was the most 
common source of infection. In surgical ICUs in China, 381 cases of severe sepsis 
and septic shock in 10 units across 6 provinces were studied prospectively between 
2004 and 2005. The majority (53.8%) of cases were caused by Gram-negative bac-
teria, but in a significant proportion of cases (28.3%), fungi were isolated. In this 
series, the commonest organisms isolated were Acinetobacter baumannii and 
Candida albicans, with the abdomen being the most frequent site of infection [13].

In addition to these studies, several other authors have reported the causes of 
bacteremia in resource-limited settings. Causative organisms varied according to 
location and between environments. Compared to many high-income settings, 
Gram-negative organisms were identified as particularly important causes of 
community- acquired bacteremia with distinct geographical differences, for exam-
ple, non-typhoid Salmonella in sub-Saharan Africa, Salmonellae typhi and paraty-
phi in South and Southeast Asia, and Burkholderia pseudomallei in Southeast Asia 
[14–16]. The Gram-positive Streptococcus suis was reported to be a relatively com-
mon cause of sepsis in Southeast Asia [17].

A meta-analysis of community-acquired bloodstream infections across Africa 
involving 58,296 patients showed that in non-malarial bloodstream infections, the 
commonest isolate was Salmonella enterica (mainly non-typhoidal species), although 
among the five studies in adults that used mycobacterial culture techniques, 
Mycobacterium tuberculosis was the commonest pathogen isolated, in 33.8% of 
isolates.

Coexisting infection is an important factor in resource-limited settings. In the study 
above, HIV prevalence was 24% and was associated with increased likelihood of M. 
tuberculosis or non-typhoidal Salmonella bloodstream infection (OR 23.4 and 8.2, 
respectively) [15]. Malaria predisposes infected individuals to invasive bacterial infec-
tion, and in areas with high-malarial burden, it is a significant risk factor for bactere-
mia. In a case-control study of childhood bacteremia in Kenya, underlying malaria 
occurred in 62% of cases of bacteremia [18]. Secondary invasive bacterial infection is 
also a common complication of late-stage visceral leishmaniasis but is also associated 
with geographical variation. In one series of sepsis associated with visceral leishmani-
asis in Ethiopia, 69% of cases were due to Staphylococcus aureus in contrast to else-
where in Africa where Gram-negative bacteria were more commonly reported [15, 19].

The distinction between community- and healthcare-associated infection is, as 
expected, also an important determinant of the predicted causative organism. In the 
study from Turkey described above [9], blood culture isolates from community- 
acquired infection were more likely to be Gram-positive organisms (56% cases), 
whereas Gram-negative organisms accounted for 80% of cases of hospital-acquired 
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isolates. In a study of bloodstream infections in South Africa [20], non-fermenting 
Gram-negative bacteria and Enterobacteriaceae were the most commonly isolated 
organisms from hospital-acquired bloodstream infections, whereas Gram-positive 
bacteria were most common in community-associated infections. Within the health-
care environment, A. baumannii was almost exclusively associated with ICU infec-
tion, but S. aureus, E. coli, and K. pneumoniae were associated with infections from 
other healthcare settings. Similar differences were shown in the prospective studies 
in Thailand and China described above [13, 14].

8.2.2  Antimicrobial Resistance

In a review of 83 studies examining antibiotic susceptibility of bacteria causing 
infections in sub-Saharan Africa and Asia, the authors concluded that only limited 
data were available to guide antibiotic treatment which show considerable variation 
in resistance patterns, both regionally and locally [21].

In the study from South Africa, described above, all community isolates of S. 
aureus were cloxacillin-sensitive compared to only 52% of hospital isolates. 
Increased antibiotic resistance was also noted in hospital isolates of Enterobacteriaceae 
compared to community isolates. Similarly, in 98 patients with S. aureus blood-
stream infections in Thailand, community isolates were all methicillin- sensitive. 
Methicillin-resistant S. aureus (MRSA) was only associated with hospital-associated 
infection, particularly in ICU [22]. However, in a different series of Thai ICU patients 
with severe sepsis and septic shock due to respiratory infection, 22% community-
acquired S. aureus infections were found to be methicillin- resistant [14]. Across 55 
ICUs in 8 developing settings, 84% of S. aureus intravascular device-associated 
nosocomial infections were due to MRSA [23]. In a review of S. aureus epidemiol-
ogy across Asia, hospital-acquired MRSA rates in general clinical samples collected 
between 1993 and 2011 were usually in excess of 20% (Vietnam, Thailand, Indonesia, 
Malaysia, China) and in some instances over 80% (India, Sri Lanka) [24]. In samples 
from community-acquired infection, MRSA rates were also variable, ranging from 
3.2% (Malaysia 2009) to 39% (Sri Lanka 2004–2006) [24]. Most studies were labo-
ratory-based surveillance studies lacking clinical data, and many of the community 
isolates were from superficial skin infections; thus, the relationship to organisms 
causing sepsis and septic shock was not clear.

Levels of Gram-negative bacterial resistance in resource-limited settings are often 
high and increasing, particularly in Asia, but there remain significant geographical 
variations [25, 26]. Extended-spectrum beta-lactamase (ESBL)-producing E. coli 
were reported in 9% of E. coli isolates from blood cultures in Laos between 2004 and 
2009 [27]. In Cambodia between 2007 and 2010, ESBL rates were 49% in 
Enterobacteriaceae causing bloodstream infections in adults (mostly E. coli) [28]. 
2008 data showed rates of ESBL-producing bacteria causing significant abdominal 
infections to be 2.9% in Malaysia compared to 59% and 61% in China and India, 
respectively [25]. More recently, nosocomial-acquired ESBL rates above 80% in 
India and more than 60% in China have been reported [29]. Between 2011 and 2012, 
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51.6% of ICU patients with bacterial sepsis in Mongolia were infected by at least one 
resistant bacterium, the majority of which were Gram- negative organisms [30].

In Asia and the Middle East, increased carbapenem use due to high-ESBL rates 
has resulted in the appearance of carbapenem resistance. While community-acquired 
infection data are limited, data from hospitals show that carbapenem-resistant 
organisms causing hospital-acquired infection are an increasing concern. In Asia K. 
pneumoniae carbapenemase (KPC)-related resistance was first noted in China in 
2004. New Delhi metallo-β-lactamase-1 (NDM-1)-associated resistance was first 
reported in 2008 in a patient initially treated in India [26]. In India data indicate that 
5–8% of hospital-related Enterobacteriaceae infections are carbapenem-resistant 
organisms [31]. In one neonatal intensive care unit in Pakistan, rates of imipenem- 
resistant K. pneumoniae causing late-onset sepsis increased from 0% to 72% of 
isolates over a 2-year period between 2009 and 2011 [32].

The situation in Africa has been described in a recent systematic review [33]. 
This describes a recent rapid emergence of carbapenem resistance throughout the 
region, although data are more limited. Of note is that even in countries without 
access to carbapenems, resistance has still emerged due to use of other antibiotic 
classes, as shown by the emergence of OXA-23 carbapenemase-resistant A. bau-
mannii in Madagascar [34].

Several authors examined risk factors for antimicrobial resistance in resource- 
limited settings. A study of patients with Klebsiella spp. and E. coli bloodstream 
infections in India identified previous antibiotic use and transfer from other health-
care settings as risk factors for ESBL production [35]. In patients with febrile neu-
tropenia in Lebanon, previous broad-spectrum antibiotic use was a risk factor for 
bacteremia with multidrug-resistant organisms [36]. Previous use of carbapenems 
was found to be the sole risk factor for adult patients with pan-resistant Pseudomonas 
aeruginosa bacteremia in Brazil [37].

8.2.3  Appropriateness of Antibiotic Choices

Two studies [6, 7] assessed the impact of inappropriate antibiotic use on outcome. 
In a single-center study in Brazil [6], prescription of appropriate empiric antibiotics 
was associated with survival benefit (odds ratio (OR) for death = 0.536 (95%) con-
fidence interval [0.314–0.916]; p = 0.023). In a study of nosocomial infections in 
Thailand comparing combination therapy to monotherapy, combination therapy 
was more successful, in part due to increasing the chances of the bacteria being 
susceptible to the antibiotics [7].

8.2.4  Costs

Since antibiotic therapy is usually paid out of pocket by the patient or their relatives, 
cost is an important factor guiding antibiotic choice. For many antibiotics, generic 
products are available at a much lower price; however, the quality of these drugs is 
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not always guaranteed [38]. In a study in India where ciprofloxacin, artesunate, and 
rifampicin were purchased from 100 different outlets, 43% samples fell below the 
90% of stated content [39]. A review of published and unpublished studies of 
 antimalarial drugs across sites in Southeast Asia and Africa showed 35% of samples 
failed chemical analysis [40]. In a systematic review of 66 studies of substandard 
pharmaceuticals (mainly antibiotics) conducted in Africa and Southeast Asia, 91% 
of studies found products to be substandard, and 44% showed evidence of 
 counterfeiting [38].

8.2.5  Availability, Feasibility, Affordability, and Safety

There are significant differences in likely pathogenic organisms in resource-limited 
settings compared to resource-rich settings but also a high degree of variation 
between and within resource-limited settings. Hospital- and particularly ICU- 
related infections are more likely to be caused by multidrug-resistant organisms, 
and previous antibiotic use is a significant risk factor for resistance. Inappropriate 
antibiotic treatment is associated with worse outcome.

Ideally local epidemiological data should be used when choosing empiric 
therapy as large variations exist within regions. Establishment of well-chosen 
sentinel sites for monitoring of prevailing pathogens and their resistance patterns 
is suggested. The choice of empiric treatment is evidently dependent on the com-
mon causative pathogens and the resistance patterns of that area or hospital. 
Examples for community-acquired infections include Northeast Thailand, where 
20% of sepsis is caused by B. pseudomallei, and therefore ceftazidime or a car-
bapenem should be included. In areas in Asia where scrub typhus is a common 
cause of severe fever and sepsis, doxycycline should be added to the empirical 
antibiotic regimen. Local resistance patterns should inform whether in areas with 
a high incidence of S. typhi bacteremia, fluoroquinolones are still usable. For 
hospital-acquired infections, examples include the current concerning spread 
beyond India of carbapenemase- producing Gram-negative bacteria. A policy 
used in some hospitals is to avoid carbapenems as empirical treatment when 
prevalence increases above 20% of Gram-negative bacteria. However, in most 
resource-limited settings, there is limited microbiological data to guide therapy, 
and the microbiological laboratory capacity of most resource-limited settings is 
unlikely to improve soon.

Based on the presented evidence, the following recommendations were derived. 
As poor outcome is associated with inappropriate initial antibiotic therapy, we rec-
ommend that empirical antibiotic therapy should cover all expected pathogens and 
likely resistance patterns (1C) based on locally acquired epidemiological data, as 
large regional variations exist (ungraded). We recognize that in settings with a lim-
ited range of antibiotics, this may be challenging. We suggest that research groups 
in collaboration with stakeholders provide microbiological data from sentinel sites 
throughout resource-limited settings to guide empirical antibiotic treatment 
(ungraded) (Table 8.1).
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8.3  Timing of Antibiotic Treatment

Rapid elimination of causative microorganisms should help to prevent further patho-
logical injury in severe sepsis and septic shock. Several, mainly retrospective, studies 
from resource-rich settings have shown an association between delay in antibiotic 
administration and worse outcome in sepsis and septic shock [41–43]. However, ret-
rospective designs and the confounding effects of variable fluid resuscitation and 
assessment of appropriateness of antibiotics mean that interpretation of results is com-
plex. A recent meta-analysis examining both prospective and retrospective studies 
failed to show significant benefit of antibiotic administration within 3 h of emergency 
department triage or 1 h of shock recognition [41]. Against a background of increas-
ingly rapid antibiotic administration, recent discussion has focused on whether delay-
ing treatment to ensure appropriate antibiotics are administered is beneficial.

In resource-limited settings, it may be more difficult to administer appropriate 
antibiotics within the first hour of sepsis recognition as limited staff have to priori-
tize multiple tasks. The subgroup members therefore wanted to consider whether 

Table 8.1 Recommendations and suggestions on infection control in patients with sepsis or septic 
shock in resource-limited settings

1.  Choice of empiric therapy As poor outcome is associated with inappropriate antibiotic 
therapy, empirical therapy should aim to cover all expected pathogens and likely resistance 
patterns (1C). We suggested that research groups in close collaboration with stakeholders 
provide microbiological data from sentinel sites throughout LMICs to guide empirical 
antibiotic treatment (ungraded)

2. Timing of antibiotics We recommend that appropriate antibiotics should be given 
within the first hour in severe sepsis and septic shock (1C)

3. Taking blood cultures We recommend that blood cultures should be taken before 
the administration of antibiotics (1B). It is realized that in 
many hospitals in resource-limited countries, routine blood 
culture in sepsis is not feasible

4. Source control We suggest source control is carried out within 12 h of 
admission to hospital except in the specific case of 
pancreatic necrosis (ungraded). Radiography and 
ultrasound are good first-line imaging techniques. If an 
intravascular device is suspected, this should be removed 
(ungraded)

5. Combination antibiotics Where the possibility of multidrug-resistant 
microorganisms is high, we suggest that combination 
antibiotics should be used (2D). In settings with facilities 
for blood culture and antibiotic resistance testing, 
antimicrobial therapy should be de-escalated when culture 
results are available (ungraded). We suggest that choice of 
combination therapy should be guided by local 
epidemiology and known effective combinations 
(ungraded)

6. Biomarkers Use of biomarkers like procalcitonin and C-reactive protein 
for de-escalation of antimicrobial therapy needs further 
study in resource-limited settings before a recommendation 
can be made
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antibiotic administration within the first hour was an important and feasible goal in 
resource-limited settings.

Reviewing the literature, we identified two studies involving patients from mixed-
resource settings and three studies from resource-limited settings. A retrospective 
study included patients from both high- and middle-income countries (total 17,990 
patients, with approximately 12% from South American ICUs) and examined the 
time from sepsis recognition to antibiotics in patients with severe sepsis and septic 
shock [44]. After adjustment for sepsis severity, geographical location, and admis-
sion source of sepsis, delay in antibiotic administration at hourly intervals up to 6 h 
was associated with increased mortality for both severe sepsis and septic shock.

A survey of SSC resuscitation and management bundle compliance across 150 ICUs 
in Asia (approximately 56% patients from resource-limited settings) reported that anti-
biotic administration <1 h (or <3 h from emergency department arrival) was associated 
with significant survival benefit (OR for death 0.76 [0.58–0.99]; p = 0.02) [45].

Another study compared outcome and timing of antibiotic therapy in a single 
center in Brazil [6]. This retrospective study of 1279 patients with severe sepsis and 
septic shock, where mean time to antibiotics was 2.5 h, showed broad-spectrum anti-
biotic administration within 1 h was not associated with improved outcome com-
pared to >1 h in multivariate analysis (OR for death 0.77 [0.59–1.01]; p = 0.06). In 
the 358 patients with positive blood cultures, appropriate antibiotic therapy was an 
independent predictor of mortality, whereas antibiotic administration <1 h was not.

A prospective cohort study of 145 patients with sepsis in Iran evaluated the effect 
on outcome of time from arrival in the emergency department to administration of 
antibiotics and showed a significant relationship between mortality and hourly 
delay in antibiotic administration up to >2 h. Subgroup analysis showed that this 
relationship was strongest in patients with APACHE II scores >20 [46].

In a study of 104 patients with typhoidal ileal perforation in Tanzania, inadequate 
antibiotic therapy prior to admission was associated with increased mortality (OR 
3.1 [1.45–7.86]; p = 0.006) [47].

8.3.1  Availability, Feasibility, and Affordability

The SSC states that the administration of appropriate antibiotics within an hour of 
severe sepsis or shock recognition is a goal rather than standard of care. Observational 
data from resource-limited settings suggests that in many settings, the administra-
tion of antibiotics to the majority of patients within 1 h is feasible, for example, in 
China 98% of patients received antibiotics within 1 h, and in Brazil 68% patients 
received the antibiotics within 1 h of sepsis recognition [48]. In Iran, 18% received 
antibiotics within 1 h of arrival at the emergency department, but 74% were treated 
within 2 h [46]. We found weak evidence from resource-limited settings suggesting 
timely administration of antibiotics is beneficial. Nevertheless, in one study that 
evaluated timely administration and appropriateness of antibiotics, appropriate ini-
tial antibiotic therapy was the only independent predictor of outcome [6]. Based on 
the provided evidence, we recommend appropriate antibiotics should be given 
within the first hour following recognition of sepsis and septic shock (1C).
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8.4  Importance of Blood Cultures Before Initiation 
of Empirical Antibiotic Treatment

Definitive identification and sensitivity testing of causative organisms of sepsis and 
septic shock allow de-escalation of treatment and ensure that appropriate antibiotic 
therapy is given. Currently it is recommended that, if this does not delay administra-
tion of antibiotics, two sets of blood cultures should be taken, one of which should 
be drawn through an intravascular device (if one has been present for more than 
48 h), as this may help determine the origin of the infection. Obtaining blood cul-
tures is strongly recommended to aid microbiological identification, also in 
resource-limited settings [4]. However, setting specific evidence on the added value 
of blood cultures on patient outcome is important, since in resource-limited settings 
laboratory access may be restricted and additional costs of tests must be justified. 
Cultures taken before antibiotic administration are more sensitive, but in settings 
with limited numbers of staff, the benefits must be weighed against time diverted 
from performing other initial resuscitation measures.

In the literature search, we identified two relevant studies from resource-limited 
settings and one from mixed-resource settings assessing blood cultures and out-
come in severe sepsis or septic shock. A prospective study from China in 212 
patients with severe sepsis or septic shock and community-acquired pneumonia 
reported that obtaining blood cultures before antibiotic treatment was associated 
with a reduced risk of mortality (OR for death 0.46, [0.211–0.997]; p = 0.039) [48].

A large retrospective study from Brazil of 1279 patients with severe sepsis and 
septic shock reported that taking blood cultures was associated with lower mortality 
(OR 0.38, 95% CI [0.265–0.546]; p  <  0.001), whereas antibiotic administration 
within 1 h was not [6].

A study examining compliance with SSC bundles in Asian ICUs found that tak-
ing of blood cultures before antibiotics was associated with improved survival (OR 
death 0.72, [0.54–0.95]; p = 0.02) [45].

8.4.1  Availability, Feasibility, and Affordability

We found evidence from resource-limited settings that taking blood cultures was 
associated with improved outcome in sepsis and septic shock, although observa-
tional data cannot exclude confounding by better prognosis due to a less cryptic 
presentation of sepsis as an explanation for this finding. Definitive microbiological 
diagnosis allows the administration of appropriate antibiotics. A prospective survey 
of 72 adults with severe sepsis or septic shock with S. aureus bacteremia in Thailand 
reported 78% patients were empirically treated with appropriate antibiotics, but 
after culture result, 98% were given effective antibiotic therapy [49]. In addition, as 
discussed above, by detecting infections such as tuberculosis or melioidosis, the 
necessary treatment to prevent relapse or resistance can be given.

In resource-limited settings, there may be no facilities for blood culture analysis. 
In other locations where there is some laboratory capability, manual methods using 
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self-made broth and manual inoculation of plates are an alternative to more 
expensive- automated culture systems. Delay in sample processing may occur due to 
distance from laboratory facilities or lack of trained staff. There is no definitive data 
to guide temporary storage, but if it is not possible to process samples straightaway, 
then bottles should be stored at ambient temperature, not refrigerated (expert 
opinion).

We could not identify studies addressing the economic aspects of costs of imple-
mentation of microbiological capacity, versus the gains in disability-adjusted life 
years (DALYs), or restriction of antibiotic use. We also did not find any evidence to 
quantify the additional benefit of taking a second set of blood cultures.

Based on the presented evidence, we recommend that blood cultures should be 
taken before the administration of antibiotics in  locations where this is possible 
(1B). Ideally two sets of blood cultures should be obtained. It is realized that in 
many hospitals, routine blood culture is unfeasible, but a recommendation of 
expanding microbiological laboratory capacity is beyond the scope of this article.

8.5  Source Control

Source control is generally understood as including “all physical measures taken to 
control a focus and modify factors in the infectious milieu that promote microbio-
logical growth or impair host antimicrobial defenses” [50]. Initial identification of a 
focus of infection requires a combination of clinical examination and specialist 
investigations. Source control methods should have maximum efficacy and cause 
minimum physiological upset. In resource-rich settings, inadequate source control 
has been shown to be an independent predictor of mortality in patients with sepsis 
or septic shock [51–53]. However in some situations, e.g., peripancreatic necrosis, 
there is moderate evidence suggesting delay in surgical source control is more 
appropriate [54].

In resource-limited settings, source control may be affected by the different 
infections encountered as well as limited access to specific diagnostic or surgical 
modalities. When considering source control, the subgroup wished to particularly 
focus on evidence for conditions commonly encountered in resource-limited set-
tings and not considered in current guidelines.

We searched the literature and identified seven papers from resource-limited set-
tings regarding source control. We also included one study from a resource-rich 
setting that was specifically concerned with an important cause of sepsis and septic 
shock in resource-limited countries. Six of the studies concerned source identifica-
tion. Three studies reported the use of chest radiography and ultrasound in source 
diagnosis of typhoid or tuberculoid gastrointestinal perforations, reporting the pres-
ence of pneumoperitoneum in 70–75% of cases on chest radiography and fluid col-
lections in 70–97% of cases on abdominal ultrasound [47, 55–57]. In a retrospective 
Australian study of 78 cases of prostatic abscesses due to melioidosis, 85% of cases 
were detectable with ultrasound compared to a “gold standard” of computerized 
tomography (CT) [58]. In a prospective cohort study of 230 patients in Thailand, 
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ultrasonography identified abdominal abscesses in 33% of patients (and 38% or 
those with positive blood cultures) although no comparison was made with CT [59].

Three studies examined timing of source control in typhoid gastrointestinal 
perforation. An early series in India reported an increased mortality rate 
 associated with delay in surgery in a series of 100 consecutive cases of typhoidal 
ileac perforation [60]. Another study from India reported a nonsignificant reduc-
tion in mortality (19 vs. 32%) in those whose operation was performed within 
48 h of perforation [61]. More recently, a retrospective case series in Tanzania 
reported that delay in surgery over 24 h was associated with higher mortality (24 
vs. 14%) [47].

With respect to melioidosis, in the Australian series of prostatic abscesses, it was 
noted that only small abscesses (<1 cm) resolved with antibiotic therapy alone and 
drainage (either ultrasound- or CT-guided) was required in larger abscesses. Pus 
drained from the majority of abscesses showed viable bacteria despite supervised 
adequate and prolonged antibiotic therapy [58].

8.5.1  Availability, Affordability, and Feasibility

Removing the focus of infection in the septic patient is equally important in 
resource-limited settings as in high-income settings. However, source control and 
identification are challenging in resource-limited settings; poor investigative facili-
ties limit diagnostic capability, and less invasive measures for control often require 
expensive equipment and expertise. Some conditions such as mycotic aneurysms in 
non-typhoidal salmonellae infections are reported to be invariably lethal without 
surgical resection [62]. Current SSC guidelines recommend source control within 
12 h except in the case of pancreatic necrosis when delay appears to be beneficial. 
We found weak evidence from resource-limited settings to support timely source 
control (<24 h) in typhoidal perforations, although no studies specifically examined 
control <12 h. In view of the lack of evidence for other situations, we felt unable to 
apply a graded recommendation. There was no evidence of situations where delay 
in source control seemed beneficial.

Ultrasound and X-ray are the most available and inexpensive investigations to 
aid the anatomical infection site, and we found low-grade evidence of both investi-
gations showing reasonable sensitivity in abdominal perforation and melioidosis. 
Radiological examination was available in 86% of patients with severe sepsis and 
septic shock associated with S. aureus bacteremia in Thailand [49], and in 15 out of 
46 cases where an anatomical site of infection was identified, appropriate source 
control procedures occurred, although in five further cases, the patient was deemed 
unfit for the appropriate surgical procedure.

Based on the presented evidence, we suggest the infection source control is car-
ried out within 12 h of admission to hospital (ungraded) except in the specific case 
of pancreatic necrosis. Radiography and ultrasound are good first-line imaging 
techniques (ungraded).
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8.6  Use of Combination Antibiotic Therapy  
in Specific Situations

Although some data exist supporting combination therapy in all patients with sepsis 
or septic shock, particularly those with most severe disease [63–66], there are few 
randomized controlled trials examining this. Lack of good evidence and concerns 
over antimicrobial resistance and toxicity has meant that monotherapy is recom-
mended in most instances. Notable exceptions are neutropenia and sepsis with 
Gram-negative multidrug-resistant bacteria or S. pneumoniae bacteremia. If combi-
nation therapy is used empirically, it is recommended that it is used for less than 
3–5 days. Although there are often biologically plausible mechanisms of additive or 
synergistic action, success of combination therapy also appears to be related to the 
increased likelihood of the causative bacteria being susceptible to at least one anti-
biotic [67, 68]. In addition to multidrug-resistant infections, the subgroup wanted to 
assess evidence for benefit or combination therapy in specific diseases common to 
resource-limited settings.

We identified a total of nine relevant studies examining combination antibiotic 
therapy in patients in resource-limited settings: one meta-analysis of two random-
ized controlled trials in melioidosis, five studies examining combination therapy in 
multidrug-resistant (MDR) or extensively drug-resistant (XDR) A. baumannii 
infections (only one of which specifically addressed infections in patients with 
severe sepsis or septic shock), and one study of febrile neutropenia.

In a meta-analysis of two randomized clinical trials of additional cotrimoxazole 
to ceftazidime in the early phase of acute severe melioidosis in Thailand involving 
a total of 449 patients, no difference in mortality or recurrent disease was noted 
between the two treatment groups [69, 70]. Similarly, no difference was noted with 
combination therapy in the later eradication phase of treatment [71].

A retrospective study in Turkey investigated single agent (colistin) versus com-
bination therapy (colistin/sulbactam) in 89 ICU patients with MDR A. baumannii 
ventilator-associated pneumonia, 80% of whom had severe sepsis or septic shock. 
After adjustment for APACHE II score, there was no difference in the mortality rate 
between groups. Clinical and bacteriological responses were higher in the combina-
tion group although not statistically significant [72].

A retrospective analysis of 110 nosocomial infections due to A. baumannii associ-
ated with systemic inflammatory response syndrome in Thailand found that there was 
improved clinical cure rate and outcome in patients treated with combination therapy 
and that combination therapy increased the chance of appropriate antibiotics [7].

A multicenter retrospective study of 214 patients in Turkey with XDR A. bau-
mannii bloodstream infections found improved mortality and clinical and microbio-
logical cure when colistin was used in combination compared to colistin alone [73].

Two hospital-wide studies of resistant A. baumannii isolates were identified: one 
of colistin-only susceptible strains and the other of multidrug-resistant strains (49 
and 51 patients, respectively) reported to have nonsignificant reductions in mortal-
ity with combination treatment [74, 75].

8 Infection Management in Patients with Sepsis and Septic Shock…



176

One study compared combination therapy in 151 cases of febrile neutropenia in 
Turkey, analyzing response rates between non-carbapenem monotherapy or combi-
nation therapy and combination carbapenem therapy in 88 adults [76]. Similar rates 
of response were seen in all patients.

8.6.1  Availability, Affordability, and Feasibility

In many resource-limited settings, community infections are more likely to be 
caused by resistant organisms than in resource-rich settings [77]. Prior antibiotic 
use is known to affect the gut microflora which is the main source of pathogens for 
ICU-acquired infection; thus widespread unregulated community use of antibiotics 
is likely to lead to increased resistance, and this is reflected in the resistance profiles 
of organisms causing healthcare-associated infection in resource-limited settings 
[30, 78–80]. Limitation of laboratory and diagnostic facilities prevents definitive 
diagnosis or de-escalation of antibiotic treatment, and empiric therapy may remain 
the only therapeutic option. As antibiotics are often the most significant expenditure 
for patients with sepsis and septic shock in resource-limited settings, prolonged 
courses of combination therapy significantly increases healthcare costs [81]. A con-
sensus paper from resource-rich settings concluded that the evidence is insufficient 
to warrant a general recommendation for combination antibiotic treatment [8], and 
we did not find any studies examining the benefit of combination therapy in situa-
tions where currently only monotherapy is advised in the current SSC guidelines. In 
studies of MDR or XDR A. baumannii infection, combination therapy appeared to 
be beneficial. In cases of XDR bacterial infection, some authors have argued that 
monotherapy should be avoided due to the risk of developing resistance. In addition 
combination therapy may be more efficient at killing bacteria and thus enable 
shorter courses of antibiotic therapy [67].

In the case of melioidosis, no evidence was found that initial combination treat-
ment was superior although some have argued that combination therapy should be 
used for patients with deep-seated abscesses and focuses of infection [82].

Based on this we suggest that where the possibility of multidrug resistance is 
high, combination antibiotics should be used (2D). Choice of combination therapy 
should be guided by local epidemiology and known effective combinations 
(ungraded). Antimicrobial therapy should be de-escalated whenever possible 
(ungraded). We recognize that without microbiological information, de-escalation 
is difficult.

8.7  Use of Procalcitonin (PCT), C-Reactive Protein (CRP), or 
Other Biomarkers for De-escalation of Antibiotics

Reducing global antibiotic use is a major part of antibiotic stewardship programs 
aiming to reduce global spread of antimicrobial resistance. De-escalating treatment 
to narrow-spectrum agents and reducing the duration of antibiotic treatment are key 
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elements in this approach. Since facilities for blood culture are often absent, the 
clinician often lacks guidance to de-escalate empirical-started antibiotic treatment. 
Semiquantitative CRP or PCT point-of-care tests have become increasingly avail-
able and could be a potential tool to guide de-escalation.

There are limited randomized controlled trial data concerning outcome follow-
ing de-escalation of empiric antibiotic therapy [83]. There is more evidence on the 
use of biomarkers to de-escalate or terminate antibiotic therapy in severe sepsis and 
septic shock, but this comes mainly from resource-rich settings in Europe. The most 
widely available biomarkers studied for this purpose are PCT and CRP. PCT is gen-
erally more specific for bacterial sepsis but costlier compared to CRP. Results of 
several meta-analyses involving up to seven randomized controlled trials (total 1075 
patients) have shown PCT can be used safely to reduce length of antibiotic treat-
ment and may be cost-effective [84–89].

In resource-limited countries with high levels of antimicrobial resistance, strate-
gies to reduce use of broad-spectrum agents are important. While we specifically 
searched for evidence of biomarkers in resource-limited settings, we also included 
studies from resource-rich settings that covered other biomarkers that would be 
potentially useful in resource-limited settings.

We identified two studies from resource-limited countries and also included one 
recent study from a resource-rich country on procalcitonin and one on fever course 
and white blood cell counts to guide antibiotic therapy [90] [91].

Eighty-one patients with a proven bacterial infection and sepsis, severe sepsis, 
or septic shock admitted to an ICU in Brazil were randomized to PCT-guided treat-
ment or normal treatment. In the 51 patients per protocol analysis, median duration 
of antibiotic therapy was significantly lower in the PCT group, which was not at 
the expense of a worse treatment outcome. However, intention-to-treat analysis 
showed no difference. Reduced antibiotic costs led to significant cost savings in the 
PCT group, offsetting the increased cost of testing [91]. CRP levels were also mea-
sured in the PCT group, but these remained elevated until the end of antibiotic 
treatment.

A randomized clinical trial in China studied the use of PCT-guided initiation and 
termination of antibiotic therapy in 35 patients with severe acute pancreatitis com-
pared to 36 patients who received a standard 14-day course of prophylactic antibiot-
ics [92]. Average duration of antibiotic use, length of hospitalization, and costs of 
hospitalization were shorter in the PCT-guided group.

A more recent large multicenter randomized clinical trial from the Netherlands 
in 1575 critically ill patients showed that an antibiotic-stopping rule based on a 
reduction in plasma procalcitonin concentrations of >80% from its peak value (or an 
absolute decrease below 0·5 μg/L) resulted in a reduction of duration of antibiotic 
treatment and was associated with a significant decrease in mortality [93].

In a multicenter randomized clinical trial of 518 patients with complicated 
abdominal sepsis and adequate source control in the USA, patients were random-
ized to a white blood count/fever-guided cessation of antibiotics or a fixed 4-day 
course. In the white blood count/fever-guided group, antibiotic duration was signifi-
cantly longer. There were no differences in outcome [90].
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8.7.1  Availability, Affordability, and Feasibility

We found evidence from resource-limited settings that PCT-guided antibiotic poli-
cies can be cost-effective as cost of tests is offset by antibiotic cost savings [91, 92]. 
Two studies from resource-limited settings have shown benefit of PCT guidance in 
antibiotic de-escalation in sepsis and septic shock [91, 94]. CRP could be used as a 
cheaper alternative, but this will need additional evaluation. We did not find evi-
dence of low-cost alternatives, including fever or white blood cell counts, being 
beneficial when compared to short-fixed durations of therapy.

Based on this we conclude that the use of biomarkers, in particular PCT and 
CRP, for de-escalation of antimicrobial therapy needs further study in resource- 
limited settings before a recommendation can be made.

8.8  Outstanding Questions for Future Research

In addition to reviewing the literature concerning the above questions, we also dis-
cussed areas currently lacking in evidence in resource-limited settings and where 
resource-rich country evidence may not be applicable.

Reducing duration of antibiotic use can reduce side effects, treatment costs, and 
antimicrobial resistance. Studies in resource-rich settings have shown that in gen-
eral shortened courses of antibiotics do not appear to be harmful and may be associ-
ated with reduced antimicrobial resistance [66, 95]. Others, however, have argued 
that longer durations of treatment may be required in cases of immune deficiency, 
inadequate source control, MDR and XDR infections, poor tissue penetration of 
drugs, the presence of foreign materials, or inadequate initial antibiotics [95, 96]. 
Although reduced duration of antibiotic treatment would be particularly attractive 
in resource-limited settings, it remains unclear whether this can be safely adopted in 
places where definitive microbiological diagnosis is challenging and when there are 
high-prevalence rates of non-fermenting Gram-negative bacteria.

The recommendations for prevention of nosocomial infections in the current 
SSC guideline include a Grade 2B recommendation in favor of chlorhexidine 
mouthwash and selective digestive decontamination. These measures have been 
used in resource-rich settings [97], and the subgroup initially intended to discuss 
their use in resource-limited settings. However, they are yet to be tested in resource- 
limited settings, and as there are important differences in epidemiology of nosoco-
mial infection and capacity for infection control, the subgroup felt that applying 
evidence from resource-rich settings was not appropriate. The efficacy and safety of 
these interventions in resource-limited settings therefore require further study.

Finally, the advent of new technologies with the ability to type and characterize 
microorganisms without the need for conventional culture techniques may negate 
the requirement for highly specialized microbiology staff and facilities. There is 
currently one ongoing study of their use in a resource-limited setting. However, 
careful cost-benefit analysis is required. These methods could eventually contribute 
significantly to improved management of patients with sepsis and septic shock as 
well as antibiotic stewardship programs.
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