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"Ingenting är så svårt som att inte bedra sig." 
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ABSTRACT 

Acute bacterial meningitis (ABM), influenza, and necrotizing soft-tissue infections 
(NSTIs) are diseases that in a short period of time can progress to become life 
threatening. Individuals with severe forms of these infections must be treated in an 
intensive care unit were monitoring and support of failing organs improve the 
chances of survival. The overall aims of this thesis were to elucidate some aspects of 
the clinical presentation, diagnosis and intensive care treatment of ABM, severe 
influenza, and NSTIs. 

In paper I, we investigated the outcome of 79 episodes of adult ABM. All patients 
were given β-lactam antibiotics according to the Swedish tradition with 8-hour 
intervals between the doses. This is less frequent compared with recommendations in 
most international guidelines. We found a high survival rate (94%), which suggests 
that other factors than antibiotic dosing intervals are more important. Streptococcus 
pneumoniae was the most common pathogen (48%). 

In paper II, we explored the over-time performance for ABM diagnosis with broad-
range polymerase chain reaction and immunochromatographic test. Both tests were 
highly sensitive for detection of bacteria in cerebrospinal fluid sampled up to one 
week into antibiotic therapy. 

In paper III, we investigated the clinical characteristics and outcomes among the 
126 Swedish cases of pandemic influenza A (H1N1) that required intensive care 
treatment. Risk factors were obesity, chronic pulmonary disease, and diabetes. The 
mortality was similar to what has been reported from other comparable countries. 
The use of non-invasive ventilation was not associated with improved outcomes 
compared with immediate invasive ventilation. 

In paper IV, we studied patients with NSTIs treated at Sahlgrenska University 
Hospital/East during the period 2008–2011. The 30-day mortality was 14% and the 
incidence of amputation 24%. Group A streptococcus was the most common 
pathogen followed by Enterobacteriacae and colonic anaerobe bacteria. Inter-hospital 
transfer was not associated with a delay in key interventions and could not be 
identified as a risk factor for adverse outcome. 

Keywords: intensive care, acute bacterial meningitis, β-lactam antibiotics, 
cerebrospinal fluid, polymerase chain reaction, immunochromatographic test, 
influenza A H1N1, pandemic, non-invasive ventilation, necrotizing soft-tissue 
infection, inter-hospital transfer 
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SAMMANFATTNING PÅ SVENSKA 

Akut bakteriell meningit, influensa och vävnadsdestruerande mjukdels-
infektioner är exempel på sjukdomar som snabbt kan bli livshotande. 
Personer som drabbas av allvarliga former av dessa infektioner behöver som 
regel vårdas på en intensivvårdsavdelning där övervakning och behandling av 
sviktande organfunktioner är avgörande för chanserna till överlevnad. Det 
övergripande syftet med denna avhandling är att belysa olika aspekter på 
sjukdomsbild, diagnostik och behandlingar vid bakteriell meningit, svår 
influensa och vävnadsdestruerande mjukdelsinfektioner. 

I Sverige ges ofta intravenösa doser av β-laktamantibiotika med 8-timmars 
intervall vid behandling av akut bakteriell meningit. Detta skiljer sig från vad 
som är praxis i de flesta andra länder där man ger antibiotika var 4:e eller var 
6:e timma. I delarbete I undersökte vi behandlingseffekten av antibiotika-
behandling med 8-timmars doseringsintervall. Vi fann att den svenska 
traditionen med 8-timmars doseringsintervall ger behandlingsresultat som är 
likvärdiga med vad som observerats med tätare dosering. I delarbete II 
studerade vi diagnostik av akut bakteriell meningit med nyare, icke 
odlingsberoende metoder: PCR och immunkromatografisk bakteriedetektion. 
Den förra metoden kan identifiera flera bakteriearter medan den senare enbart 
kan diagnostisera pneumokocker som dock är den vanligaste bakterien vid 
bakteriell meningit. Vi har nu visat att båda metoderna fungerar väl för 
diagnostik av bakteriell meningit på prov från ryggvätska som tagits upp till 
en vecka efter insatt antibiotikabehandling. Detta är viktigt eftersom de för 
många patienter finns faktorer som gör att provtagning inte kan genomföras 
tidigt i sjukdomsförloppet. Delarbete III omfattade 126 av de 136 patienter 
med influensa A (H1N1) som vårdades på svenska intensivvårdsavdelningar 
under pandemin 2009–2010. Merparten av dessa patienter var mycket svårt 
sjuka och krävde omfattande och långvariga intensivvårdsinsatser. Vi 
undersökte särskilt effekter av en relativt ny teknik av respiratorbehandling, 
så kallad non-invasiv ventilation (NIV). Vi kunde inte se några fördelar i 
form av högre överlevnad eller förkortad intensivvård för patienter som 
behandlades med NIV jämfört med dem som behandlats med konventionell 
invasiv ventilation.  I delarbete IV studerade vi patienter med svåra 
vävnadsdestruerande mjukdelsinfektioner. Streptococcus pyogenes var den 
vanligaste bakterien och orsakade 41 % av fallen. Vi jämförde behandlings-
resultaten mellan patienter som primärt vårdats på Sahlgrenska 
Universitetssjukhuset/Östra och de patienter som överfördes från mindre 
sjukhus i regionen. Förflyttning innebar inte någon försening i 
handläggningen och ökade inte risken för död eller amputation. 
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1 INTRODUCTION 

History of man – history of infections 
Microorganisms such as bacteria, fungi, protozoa, and viruses have been our 
companions since the dawn of mankind. Our long-lasting and close 
relationship with microbes is a most complicated and multifaceted story. The 
symbiosis with the bacterial flora in our gut is one example of the positive 
sides of our encounter; we provide bacteria with accommodation and regular 
feeding and in exchange they help us digest the food and make various 
nutrients available for us to absorb. In fact, microorganisms help us with our 
meals even before consumption. Staple food and delights such as bread, 
yoghurt, beer, and fermented herring would not exist without the aid from 
domesticated bacteria and fungi. On the other hand, if we do not consume our 
food in due time it will be reclaimed by the microorganisms by rancidity, 
souring, or putrefaction. This could have been the end of a rather pleasant 
story if it was not for the capacity of many microorganisms to aggressively 
invade our bodies and cause diseases. Documents from our past tell us about 
devastating epidemics with cholera, plague, and smallpox.  

Figure 1.  Left: Plague doctor, Etching by Paulus Furst of Nuremberg, Germany, 
1656. Right: A Mesoamerican infected with smallpox, From the Florentine Codex, 
by Bernardino de Sahagún, a 16th-century Spanish Franciscan missionary. (Both 
pictures are reproduced in accordance with “Public domain” legislation.) 

The Spanish flu that coincided with the end of the First World War killed 
many more people than the war itself. Old acquaintances such as malaria, 
tuberculosis, hepatitis B, and leishmania are still killing hundreds of 
thousands of people every year. We have recently seen new, previously 
unknown infections, which in a short space of time have spread and caused 
major impacts in our societies. The human immunodeficiency virus (HIV) 
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has since its discovery in the mid 1980s spread to all continents and killed 
more than 35 million individuals. HIV is at present the leading cause of death 
among young adults in many sub-Saharan African countries. The on-going 
Ebola epidemic in West Africa gives us a striking example of the devastating 
consequences of a microorganism that combines high contagiousness with 
high lethality. In addition to all these fearsome microbes with strong 
epidemic potential there are several other organisms that almost never cause 
epidemic spread but substantially contribute to the total burden of infections 
by their vast number of sporadic cases. Examples of this are bacterial 
diseases such as pneumonia, urinary tact infections, and skin and soft tissue 
infections.  

Our efforts to avoid or cure infections were for a long period of time 
ineffective and more or less futile. The growth of scientific knowledge and 
systematic medical science from the 1800 century and onwards paved the 
way for the breakthroughs in diagnostics, prevention, and treatment of 
infectious diseases to come during the following centuries. Edward Jenner’s 
finding that inoculation with cowpox was protective against smallpox was a 
significant milestone to be followed by many essential discoveries. The 
identification of bacteria as the cause of many diseases by Robert Koch, the 
understanding of the importance of antiseptics by Ignaz Semelweis, and the 
invention of pasteurisation of milk by Louis Pasteur are some other 
prominent examples of scientific successes in understanding and battling 
diseases caused by microorganisms. 

Alexander Fleming’s discovery of penicillin in 1928 is probably the number 
one pioneering achievement in our struggle against infections. The following 
decades, a vast number of antibiotics with different antibacterial spectra were 
discovered. This rapid development continued until the 1980s and equipped 
us with an armoury where we had antibiotics with different mechanisms of 
action against next to all bacteria known to cause disease in humans. In 
parallel, there were discoveries of compounds against fungal infections and 
protozoa diseases such as malaria. The development of efficient drugs against 
viral infections started with Gertrud Ellison’s synthesis of the first anti-herpes 
drug, acyclovir, in the late 1970s. The effective combination treatment of 
HIV that has been developed since the late 1990s represents another major 
leap forward in antiviral treatment. Modern combination antiretroviral 
therapy has changed the prospects of HIV-infected people from a previously 
inevitable death in AIDS to a chronic disease with a life span comparable to 
uninfected people. At present we see very promising results with new 
efficient drugs against hepatitis C virus.  
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In spite of all these achievements, infections are still among the leading 
causes of disease and death all around the world. This is, to a large extent, a 
consequence of global inequality with the majority of the worlds population 
still living under inadequate sanitary conditions and without access to 
efficient health care. The on-going epidemics of deadly diarrhoea in children, 
endemic malaria, and the continued spread of HIV are examples of health 
problems in resource poor settings that mainly have socioeconomic causes 
and thus cannot be efficiently met without substantial political and 
economical development. In resource rich countries the recent advances in 
medicine such as organ transplantation, potent anti-inflammatory medication, 
cancer treatment, and intensive care treatment have created opportunities for 
new types of infections, so called opportunistic infections. Otherwise 
harmless microbes find previously inaccessible ecological niches in immune-
compromised hosts and give rise to dangerous and difficult to manage 
infections. An ageing population is another factor that increase the prevalence 
and severity of infections. 

The biggest threat and the greatest challenge in today’s medicine is the rapid 
emergence of bacteria resistant to antibiotic therapy [1]. Antibiotics, that until 
recently were the leading “game changers” in medicine, are now at risk of 
loosing their effect which would bring us back to the situation of the pre-
antibiotic era. Common infections, such as pneumonias, urinary tract 
infections, and wound infections could once again become problematic to 
treat. Furthermore, the most advanced achievements in modern medicine 
such as major surgery, organ transplantation, cancer chemotherapy, and 
intensive care would probably not be possible without effective antibacterial 
treatments. 

1.1 Intensive care 
Intensive care can be defined as the use of medical technologies and 
medications to support or even to temporarily replace failing organs vital for 
immediate survival. The most central supportive strategies are mechanical 
ventilation in patients with respiratory failure and intravenous infusions of 
fluids and vasoactive drugs in patients with failing circulation. Continuous 
hemodialysis is another common intervention in patients with acute renal 
dysfunction. Safe care of a critically ill patient is dependent on close attention 
by highly qualified personnel as well as continuous monitoring of heart 
function, blood pressure, blood oxygenation, ventilation, and respiratory gas 
exchange. In addition, there is need for several other interventions such as 
enteral or parenteral feeding, pain management and sedation, thrombosis 
prophylaxis, corrections of disturbances in salt-balance and blood glucose, 
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and in most cases surgical and/or medical treatment for the condition that 
precipitated the need for intensive care. 

History of intensive care 
With just 60 years from its inception, intensive care is one of the youngest 
disciplines in clinical medicine. It all started with the Scandinavian polio 
epidemic in 1952–1953 [2]. During the first four weeks of the epidemic there 
had already been 27 deaths among young patients with bulbo-spinal paralysis 
at the Department of Communicable Diseases, the Blegdam Hospital in 
Copenhagen. Progression to death could not be avoided by the use of 
negative pressure respirators (tank or cuirass). The prevailing concept at that 
time was that fatal outcome was the result of massive cerebral infection, 
polio-encephalitis, and thus unavoidable in severe cases. A senior registrar, 
Mogens Bjørnebo, challenged this paradigm. 

Figure 2. Left: A young woman during the 1952 Copenhagen polio epidemic 
getting respiratory support by hand-ventilation through a tracheostomy cannula. 
Right: The Engstrom model 150 ventilator introduced 1950.  
(Both pictures are reproduced in accordance with “Public domain” legislation.) 

He hypothesized that the cyanosis, somnolence, and hypertension observed in 
severely ill patients could be caused by the respiratory failure in itself, 
leading to hypoxia and accumulation of carbon dioxide in the blood. He 
convinced his superior, professor H.C.A. Lassen, to engage a young 
anesthesiologist, Bjørn Ibsen, who successfully tracheotomied a young girl 
who then could be provided intermittent positive pressure hand-ventilation 
until her paralysis finally vanished. This successful outcome was followed by 
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a massive effort where 1500 volunteers, mostly medical students, were 
recruited to hand-ventilate all in all 300 polio victims. 

In December 1953 Bjørn Ibsen founded the first multidisciplinary intensive 
care unit (ICU) in the world at the Kommune Hospital in Copenhagen. The 
concept was soon widely adopted with ICUs established in hospitals all over 
the world. Another coinciding breakthrough, essential for the development of 
intensive care, was the invention of the first mechanical ventilator in 1950 by 
the Swedish physician Carl Gunnar Engström [3].  

Intensive care today 
During the six decades since the dawn of intensive care in Copenhagen there 
has been an enormous development of the knowledge base and technologies 
used in intensive care [4]. Bedside monitors provide continuous information 
about oxygenation, arterial blood pressure, body temperature, exhaled carbon 
dioxide concentration and the electrical activity of the heart. Modern 
ventilators are highly sophisticated electronic machines with very little 
resemblance to the bulky and crude giants from the past. We have learnt to 
adopt lung protective ventilation with small tidal volumes and the use of 
alveolar recruitment maneuvers together with a graded use of positive end 
expiratory pressure [5]. The development of non-invasive mechanical 
ventilation (NIV) has decreased mortality and days spent in the ICU for 
patients with hypercapnic respiratory failure [6]. NIV has also been used in 
hypoxic respiratory failure although its feasibility is not yet fully established 
in this type of patients [7]. Machines for continuous veno-venous dialysis has 
it made possible to efficiently replace failing kidney function even in patients 
with unstable hemodynamics [8]. We have learnt to avoid excessive sedation 
[9] and are more restrictive with blood transfusions [10]. Large efforts have 
been directed towards improving survival in septic shock [11]. Attempts with 
different immunnomodulatory therapies in septic chock have this far been 
without success but new therapeutic approaches are under investigation [12]. 
Despite the absence of a “magic bullet” therapy against the excessive 
inflammation in sepsis, the mortality in severe sepsis/septic chock has 
decreased substantially during the last decade, in some studies down to 18% 
from 35% [13].  

In Sweden, there are at present 84 ICUs with approximately 250 000 
admissions per year. The size of the ICUs varies widely, from four up to 20 
beds. All hospitals with emergency departments have general ICUs and third 
level teaching hospitals often have specialized ICUs, such as neuro-ICU, 
cardiothoracic-ICU, and paediatric ICU. Some centres also have a separate 
burns-ICU. In Sweden there are two ICUs incorporated in the departments of 
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infectious diseases. One is located in Gothenburg and the other one in 
Malmö. Both units have historical roots in the polio-epidemic of the 1950s 
and have gradually evolved according to the evolution of infectious diseases 
and intensive care. 

Figure 3. Left: Bed with equipment in a modern intensive care unit. Right: 
Schematic illustration of invasive ventilation (orotracheal tube, tracheostomy) 
and non-invasive ventilation (facemask). 

Infections in the intensive care unit 
The majority of patients in an ICU are treated with at least one and often 
several different antibiotics [14]. The high proportion of serious infections 
among ICU admissions can largely explain the high antibiotic utilization in 
ICUs. Data from the Swedish Intensive Care Registry show that (post-
operative ICU-care excluded) the three most prevalent infectious conditions; 
severe sepsis, septic chock, and bacterial pneumonia, account for 20% of all 
ICU admissions and 30% of total days spent in Swedish ICUs [15]. Several 
less common infections such as endocarditis, necrotizing soft tissue 
infections, bacterial meningitis, and malaria can be severe and render the 
patients in need of intensive care. 

Not only do patients get admitted to an ICU because of a critical infection, 
but they also have a high risk of acquiring an infection during intensive care 
(21%) with an estimated attributable mortality of 14% [16]. Many 
interventions lead to brakes of normal skin and mucosal barriers with an 
increased risk for infections caused by the patient’s own bacterial flora or 
from microorganisms in the hospital. Ventilator associated pneumonia (VAP) 
is the most common nosocomial infection with an incidence ranging from 
two to 16 episodes per 1000 ventilator-days [17]. The pathogenesis of VAP is 
complex with the presence of an endotracheal tub as the major risk factor, but 
depressed cough reflexes and decreased muco-cilliary clearance probably 

Invasive ventilation Non-invasive ventilation 

Orotracheal tube 

Tracheostomy 

Facemask 
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also play a role. Early VAP, with onset within 48 hours after intubation is 
often caused by the same bacteria as in community-acquired pneumonia 
while later onset VAP tends to be caused by gram-negative bacteria with an 
increased risk of multidrug resistance [18]. 

Other frequently occurring nosocomial infections in the ICU are urinary tract 
infections related to urinary catheters and blood stream infections related to 
central venous lines used for drug infusions, nutrition, and blood sampling 
[19]. The increasing prevalence of infections caused by multiresistant 
bacteria is problematic and has forced the ICU community to re-evaluate 
routines for antibiotic usage and stimulated research about optimal antibiotic 
dosing regimens. Regular, often daily, rounds by a specialist in infectious 
diseases is praxis in most Swedish ICUs and increasingly important given the 
rapid increase of antibiotic-resistant bacteria [20, 21].  

After this broad, but short, overview of intensive care in the past and in the 
present, I will now discuss the three severe infections in focus of my research 
project. In the subsequent sections of the thesis, I will go into some details of 
acute bacterial meningitis, influenza A, and necrotizing soft-tissue infections. 

1.2 Acute bacterial meningitis 

Epidemiology of ABM 
The incidence of ABM varies greatly by geographical regions and has 
undergone significant changed over time. In USA the annual number of 
ABM cases per 100 000 population in all age groups dropped from 2.0 in 
1998–1999 to 1.38 in 2006–2007 [22]. Introduction of the 7-valent conjugate 
vaccine against S. pneumoniae is probably the main explanation for this 
reduction. There is no official statistics on the incidence of ABM in Sweden, 
but based on the cases of ABM in Gothenburg between 1999 and 2004, the 
annual incidence of community-acquired ABM in adults has been estimated 
to be 2.6 per 100 000 population. The incidence of ABM is much higher in 
most middle- and low-income countries and is especially high in sub-Saharan 
African countries with a mean annual incidence of 101 cases per 100 000 
population in the worst affected areas [23]. 

The causing bacteria of ABM vary with the patients’ age and the 
geographical region. In new-borns there is a predominance of Group B 
streptococci, gram-negative rods, and Listeria monocytogenes (L. 
monocytogenes) [24]. For older children Haemophilus influenzae (H. 
influenzae) type B has historically been the predominant agent but today it 
has virtually disappeared in countries were conjugate Hib-vaccine has been 
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included in general childhood vaccination programs [25]. Nowadays, 
Streptococcus pneumoniae (S. pneumoniae) and Neisseria meningitidis (N. 
meningitidis) are the dominating bacteria for children after the neonatal 
period and for adults up to 50 years of age [26, 27]. 

Elderly people and individuals with impaired immunity are at greater risk for 
ABM compared with the general population. In these patients L. 
monocytogenes replaces N. meningitidis as the second most predominant 
bacteria while S. pneumoniae remains the most common agent. The recent 
inclusion of a conjugate vaccine against S. pneumoniae in the Swedish 
childhood vaccination program will probably reduce the incidence of 
pneumococcal meningitis in children as well as in adults. This trend has 
already been observed in USA, where children have been vaccinated against 
pneumococci since 1998. The all-age incidence of pneumococcal meningitis 
in USA has been reduced by 26% [22]. This so-called “herd-immunity” 
effect with a reduced incidence of an infection in unvaccinated groups (older 
individuals) is possible because vaccination of children effectively eradicates 
asymptomatic carriage of S. pneumoniae and thus eliminates the major 
reservoir for further spread to others. 

Figure 4. Left: the meningococcal belt. Right: Poster for meningococcal vaccine 
in Burkina Faso. (Photographs downloaded from open domain.) 

The major burden of ABM is carried by low- and middle-income countries 
where meningitis is one of the leading causes of death and permanent 
disability among children. In addition to a high incidence of ABM caused by 
S. pneumoniae and H. influenza there are also recurrent epidemics with N. 
meningitidis in the “meningitis belt” in sub-Saharan, West-, Central-, and 
East Africa. Routine vaccine programs against H. influenzae, and in some 
countries also against S. pneumoniae, have recently been launched in most 
low- and middle-income countries but surveillance data of long-term effects 
are this far scarce [25]. Since 2010, a conjugate vaccine against N. 
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meningitidis group A (MenAfriVac®) is available and presently distributed in 
most countries within the African meningitis belt [28, 29]. 

Pathophysiology of ABM 
The central nervous system (CNS) is comparatively well protected against 
invasion of microorganisms. This is mainly because of the special properties 
of the capillaries in the CNS. The endothelial cells in the CNS capillaries are, 
in contrast to elsewhere in the body, firmly fused by tight junctions. These 
junctions together with a thick basal membrane and an almost complete 
coverage of the outside of the capillaries with astrocyte foot processes, make 
a strong barrier that prevents large molecules and microorganisms from 
entering the brain and cerebrospinal fluid (CSF). CNS capillaries also have 
fewer intracellular transport vesicles. 

CSF is formed as an ultra-filtrate of blood plasma by the choroid plexus in 
the side ventricles of the brain. It slowly circulates through the ventricular 
system and along the outer surfaces of the spinal cord and the cerebral cortex, 
and is finally resorbed by arachnoid granulations protruding from meningeal 
veins. The total volume of CSF is approximately 125 ml in adults and the 
CSF turnover rate is ∼ 0.5 ml/minute. This means that there is a complete 
exchange of CSF four to five times a day. The CSF acts as a cushion 
protecting the brain from mechanical trauma and it has important, but still 
poorly understood, regulatory functions for the chemical environment in the 
CNS [30]. The filter function of the choroid plexus makes it a weak point in 
the barrier between blood and CSF and the plexus has been hypothesised as a 
possible route for bacterial invasion from the blood stream [31]. There are 
also other potential routes of bacterial entry to the CNS. Animal studies have 
demonstrated the possibility of direct bacterial spread to CSF from the 
mucosal membranes in the upper airways [32]. 

Once bacteria have entered the CSF, they meet an almost ideal environment 
with plenty of substrate and a weak immunologic response because of the 
absence of complement and opsonising antibodies [33]. The bacteria can thus 
thrive and replicate at almost the same speed as in the laboratory [34]. 
Subsequently, the delayed immune response becomes activated, and the 
degranulation of activated neutrophils will cause a massive local 
inflammation and cerebral oedema with increased intracranial pressure (ICP) 
[35]. High ICP reduces the cerebral blood perfusion, ultimately resulting in 
destruction of nerve cells, and in the worst-case scenario cerebral herniation 
and death [36]. 

Clinical presentation and diagnosis of ABM 
The clinical debut of meningitis is sudden with typically less than 24 hours of 
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symptoms at arrival to hospital. Longer duration of symptoms should lead to 
consideration of other diagnoses but could also indicate a concomitant focus 
of infection. Media otitis, sinusitis, or pneumonia is present in up to 40% of 
adults with ABM [26].  
 
The classic symptoms with fever, headache, and neck stiffness is absent in 
more than half of patients but 95% have at least two out of the symptoms 
fever, headache, neck stiffness, and altered mental status [26].  
 
There is however an overlap in the clinical picture of ABM with viral 
meningitis and several other conditions why a lumbar puncture (LP) is 
essential to definitively establish or reject the diagnosis [37]. The general rule 
is that LP should be performed promptly in cases of suspected ABM. One 
important exception is patients with focal neurological signs since this could 
indicate the presence of a space-occupying lesion such as a cerebral abscess 
or an intracranial haematoma. In these cases sampling of CSF by LP could 
cause a pressure gradient with the potential of increasing the existing brain 
shift caused by the space-occupying lesion [38]. Other contraindications for 
LP are signs of impeding cerebral herniation, on-going epileptic seizures, 
severe coagulopathy, and infection at the site of the LP [39].  
 
Typical CSF findings in patients with ABM include an elevated opening 
pressure and visible CSF turbidity. If the latter one is present, it provides 
immediate bedside confirmation of the diagnosis of ABM. Cloudy CSF is 
highly specific for ABM but clear CSF does not rule out meningitis. 
Biochemical analyses of CSF can be determined within one hour and the 
characteristic findings in ABM are pleocytosis with neutrophil dominance, 
low glucose level, raised albumin, and elevated lactate [40]. Lactate is the 
biomarker with the highest sensitivity and it has the diagnostic advantage, in 
contrast to glucose, not to cross the BBB [41]. A high CSF lactate should 
therefore not be suspected to represent spill over from the blood in cases of 
concomitant sepsis. Normal or modestly elevated neutrophil count occur in 
5–10% of patients and is associated with worse prognosis [26]. 
Administration of antibiotics before LP influences the CSF analyses with 
higher glucose levels, lower lactate, and lower protein levels but does cause 
any immediate changes in the CSF cell count [42, 43]. 
 
A rapid, cheap, and well-established method to identify bacteria in CSF is by 
microscopy after gram-staining. This has, in general, a high sensitivity for 
detection of bacteria in untreated cases of ABM although the diagnostic yield 
varies with different microorganisms. For example, the reported sensitivity 
for CSF gram-staining varies from 25%–65% for H. influenzae, 60–93% for 
S. pneumoniae, and 30–89% for N. meningitidis [44]. The sensitivity for 
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detection of L. monocytogenes is lower, ranging from 10 to 35% [44]. A 
Danish study on ABM of different etiological agents reported a slight 
decrease in diagnostic yield from 56% in untreated to 52% in patients who 
had been treated with antibiotics a short time before the LP [45].  

CSF culture is the golden standard for the diagnosis of ABM. Cultures also 
provide important information about antibiotic susceptibility. If LP is 
performed before initiation of antibiotics, CSF cultures are positive in up to 
66% of patients with ABM [45]. The diagnostic sensitivity is lower for 
patients who have already received antibiotic treatment. One study of 
meningococcal meningitis in children found no bacterial growth if LP was 
performed more than five hours after starting parenteral antibiotics [46]. 
Another retrospective study in children showed no bacterial growth later than 
four hours after antibiotic commencement except for cases of pneumococci 
with reduced antibiotic susceptibility [47]. 

Latex agglutination tests utilize antisera directed against capsular 
polysaccharides of meningeal pathogens. They are, however, of limited 
additional value in the diagnosis of ABM because the diagnostic yield of the 
tests for common pathogens is not higher than for CSF cultures, the 
sensitivity is dramatically reduced by antibiotic pre-treatment, and is very 
low in culture negative cases [48-50]. 

Blood cultures are a valuable contribution in the diagnostic arsenal of ABM 
and are especially important in cases where LPs are postponed until after 
antibiotic initiation. The sensitivity of blood cultures varies for each 
causative organism; 50–90% for H. influnezae meningitis [51, 52], 75% for 
pneumococcal meningitis [53-55], and 40–60% for meningococcal 
meningitis [56, 57]. As for CSF cultures, the diagnostic yield of blood 
cultures is also reduced with antibiotic pre-treatment. One study reported a 
decline from 66% in untreated patients to 48% in patients who had been 
given antibiotics [42].  

The limited sensitivity of CSF cultures once antibiotics have been given 
leaves a certain proportion of patients without etiological diagnosis. There is 
therefore a need for supplementary diagnostic methods that are rapid, 
sensitive, accurate, and not affected by antibiotic therapy. 

Polymerase chain reaction (PCR) techniques are now available for the 
detection of bacterial deoxyribonucleic acid (DNA) and ribonucleic acid 
(RNA). There are currently two different approaches in use for 
microbiological diagnosis. The broad-range bacterial detection strategy uses 
PCR that targets gene sequences encoding the 16S region of bacterial RNA, 
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while multiplex PCR consists of multiple primer sets directed towards 
predefined pathogens. The broad-range strategy can further be combined with 
sequencing that allows identification of the bacterial species. A recent meta-
analysis based on 14 studies on broad-range PCR reported a pooled 
sensitivity of 92% and a specificity of 94% for culture proven ABM [58]. 
Multiplex PCR studies have demonstrated sensitivity between 88% and 
100%, and a specificity of 100% [59, 60]. Up until now, there has been a lack 
of studies investigating the influence of antibiotic pre-treatment on the 
sensitivity of PCR diagnosis of ABM. In a prospective study from the Czech 
Republic including 28 patients with meningococcal meningitis, PCR was 
positive in 81% of pre-treated patients, compared with 100% in patients 
without pre-treatment [61]. Major disadvantages of PCR assays are the 
complexity of the equipment and high costs that hamper the availability in 
resource poor settings.  

An immunochromatographic test (ICT) for the identification of 
pneumococcal cell wall antigen (BinaxNOW®, Portland, ME, USA) is 
available for the detection of S. pneumoniae in CSF. The test is simple, 
quick, and cheap, which makes it suitable as a diagnostic tool also in resource 
limited settings. There are favourable results from studies in Africa and Asia 
showing sensitivity up to 95%–99% and specificity of 100% for children 
with culture-positive pneumococcal meningitis [62, 63]. A rapid diagnostic 
test based on immunochromatography for detection of N. meningitidis has 
recently been developed. It is highly sensitive and specific for the 
identification of serogroup A, C, Y, and Z but it cannot detect group B and X 
[64]. 

Treatment of ABM 
ABM is a medical emergency that requires rapid administration of 
antibiotics. A delay in antibiotic administration of longer than three hours in 
patients with pneumococcal meningitis has been associated with increased 
mortality [65]. There are few randomized controlled trials of the efficacy of 
different antibiotic regimens in adult ABM. Antibiotic recommendations for 
treatment of ABM are therefore mostly based on general knowledge of 
pharmacological properties of the different antibiotics, animal experiments, 
case series, and on clinical experience of established treatment regimens. 
Regional differences in the incidence of different pathogens in ABM as well 
as the prevalence of bacterial strains with reduced antibiotic susceptibility are 
important factors in the choice of empirical treatment. Most 
recommendations and guidelines include a third generation cephalosporin 
(e.g. cefotaxime or ceftriaxone) as empirical therapy [66-68]. The 
cephalosporines lack activity against L. monocytogenes, which is why 
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ampicillin should be added when this agent can be suspected. A less 
established but theoretically good alternative is mono-therapy with 
meropenem [69-72]. Inclusion of vancomycin in the empirical treatment for 
ABM is recommended in geographical regions where the prevalence of 
cephalosporin resistant S. pneumoniae is above 1% [68]. Once the bacterial 
species has been identified and the pattern of susceptibility established, 
antibiotic therapy can be further modified, as suggested below. 

S. pneumoniae. Benzylpenicillin is the standard therapy for meningitis with 
fully susceptible strains of pneumococci. Cefotaxime is effective in cases 
with intermediate penicillin susceptibility (MIC > 0.06–1.0 mg/L) and 
vancomycin can be added in cases of high-grade penicillin resistance (MIC > 
2 mg/L) [67, 68]. 

N. meningitidis. As for pneumococci benzylpenicillin is well established as 
first hand therapy but strains with reduced penicillin susceptibility should be 
treated with cefotaxime or ceftriaxone [67, 68]. 

H. influenzae. Penicillin susceptible strains can be treated with ampicillin, 
whereas third-generation cephalosporines are recommended for β-lactamase 
producing strains [67, 68]. 

L. monocytogenes. Since Listeria species are intrinsically resistant against 
cephalosporines the recommended first line treatment is ampicillin or 
according to some guidelines benzylpenicillin [67, 68]. There have been 
conflicting results regarding the effects of adding aminoglycosides to 
ampicillin in the treatment of Listeria meningitis. One study demonstrated 
better survival when ampicillin was combined with gentamycin [73], whereas 
another report found no reduction of mortality by adding an aminoglycoside 
but found increased rates of kidney injuries instead [74]. 

Staphylococcus aureus. For methicillin sensitive strains some guidelines 
recommend high doses with isoxazolyl-penicillin. The passage of isoxazolyl-
penicillins across the BBB is, however, poorer compared with other β-lactam 
antibiotics, and it is therefore theoretically better to give a cephalosporin. 
Good treatment results have been documented with the use of cefuroxime for 
nosocomial S. aureus meningitis [75]. For methicillin resistant strains, 
linezolid or vancomycin in combination with rifampicin, are the most 
commonly recommended therapies [67, 68]. 

Aerobic gram-negative bacteria are mainly found in cases of health-care 
associated meningitis. The emergence of multi-drug resistance in this group 
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of bacteria is worrying. Meningitis caused by Acinetobacter baumanii can 
normally be treated with meropenem. For patients with carbapenem resistant 
acinetobacter meningitis, the best-documented treatment is colistin. Colistin 
is normally administered intravenously, but can also be administrated 
intraventricularly [76]. Meningitis caused by Psedomonas aerguninosa can in 
most instances be treated with ceftazidime or meropenem [77]. 

The antibacterial activity of ß-lactam antibiotics is dependent on the time 
their concentration exceeds the minimum inhibitory concentration (MIC) for 
the infecting organism, so called time-dependent killing [78]. They should 
therefore be administered in a way as to optimize the time with 
concentrations above MIC at the site of infection. As mentioned earlier, the 
CNS has several unique features to be kept in mind when deciding antibiotic 
doses and dosing intervals for the treatment of ABM. The ß-lactam 
antibiotics are highly hydrophilic agents that diffuse poorly through the BBB, 
but their CNS penetration is significantly increased in the presence of 
inflammation [79]. Still, ß-lactam antibiotics must be administered in higher 
than normal doses in order to reach bactericidal concentrations in CSF. 
Luckily, most ß-lactam antibiotics are relatively non-toxic, why high 
systemic doses are generally well tolerated. 

The concentration-time curves in CSF lag behind those in serum, even with 
the high doses used in the treatment of ABM, and the peak CSF 
concentration with a single dose of antibiotics will be reached first after 
approximately three hours [80]. This phenomenon makes it difficult to 
estimate antibiotic penetration into CSF by measuring CSF concentrations at 
single time points [81]. 

The mechanisms for elimination of ß-lactam antibiotics from CSF differ 
between antibiotics. The main route of elimination for benzylpenicillin is by 
active transport across the choroid plexus [82]. This mechanism accounts for 
approximately two-thirds of the elimination from CSF. Diffusion across 
ependymal surfaces into brain parenchyma and CSF turnover account for the 
remaining elimination [82]. The active removal of benzylpenicillin is 
inhibited by meningeal inflammation but returns to normal within days of 
antibiotic therapy [83]. The elimination of other ß-lactam antibiotics (e.g. 
cephalosporines, carbapenems, and amoxicillin) is mainly by passive 
diffusion. As a consequence, these agents reach efficient CSF concentrations 
for a longer time than benzylpenicillin [84, 85]. 

Animal experiments have demonstrated a detrimental effect of steroid 
therapy on antibiotic penetration into CSF [86, 87]. Two small clinical 
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studies in infants and children who received high doses of cefotaxime for the 
treatment of ABM, found similar median CSF concentrations of cefotaxime 
regardless of whether dexamethasone was used [88] or not [89]. So, the effect 
of steroids on the CSF permeability for antibiotics in humans is still unclear. 
Since ß-lactam antibiotics have significantly prolonged half-lives in CSF 
compared with serum, it has been proposed that dosing intervals longer than 
those traditionally used could be effective in the treatment of ABM [90]. An 
alternative way of administering antibiotics is by continuous infusion. This 
has been studied in 723 African children with ABM, where participants were 
randomised to either conventional intermittent administration or continuous 
infusion with cefotaxime. There were no differences in outcome between the 
two treatment arms, but a predefined subgroup analysis showed that children 
with pneumococcal meningitis treated with continuous cefotaxime where less 
likely to die than those given intermittent treatment [91]. This difference in 
survival could, speculatively, be an effect of longer time over MIC and more 
efficient bacterial killing with infusion compared to intermittent antibiotic 
treatment.  

Dosing recommendations for ß-lactam antibiotics vary between different 
countries. In Sweden, the ß-lactam antibiotics benzylpenicillin, ampicillin, 
cefuroxime, and cefotaxime have traditionally been administered at longer 
intervals than in most other countries. The Swedish dosing of meropenem, 2 
grams 8-hourly, does not differ from international praxis. Table 1 shows the 
antibiotic recommendations for ABM as presented in some recent reviews 
and guidelines, together with the Swedish dosing regimens that were used in 
paper I. 

Table 1. Doses and dosing intervals for β-lactam antibiotics in adult bacterial meningitis. 

Benzylpenicillin Ampicillin Cefotaxime 
dose 

(g) 
interval 

(h) 
dose/ 
day (g) 

dose 
(g) 

interval 
(h) 

dose/ 
day (g) 

dose 
(g) 

interval 
(h) 

dose/ 
day (g) 

EFNS1-guideline  
Chandhuri 2008 [68] 

2.4 4 14.4 2 4 12 2 6-8 6-8 

van den Beek  
2013 [66] 

4 4 24 2 4 12 2-3 4-6 8-12 

IDSA2-guidelines 
Tunkel 2004 [67] 

4 4 24 2 4 12 2-3 4-6 8-12 

Brink 2006 [92] 4 8 12 4 8 12 3 8 9 

1 EFSN, European federation of neurological societies. 2 IDSA, infectious diseases society of America 
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Animal studies have demonstrated that the outcome of ABM can be 
improved by modulating the meningeal inflammation with corticosteroid 
treatment [93]. A large European randomised controlled study showed that 
adjunctive therapy with dexamethasone was associated with reduction in 
mortality from 15% to 7% among adults with ABM [94]. The beneficial 
effect was most pronounced for patients with pneumococcal meningitis 
where the mortality decreased from 34% to 14% with steroid treatment. 
Subsequent clinical trials in Africa and Asia, however, could not demonstrate 
any benefit from steroid treatment in adult ABM [95-97]. A meta-analysis on 
individual patient data from all the above-mentioned clinical trials on 
adjuvant steroid treatment could not identify any beneficial effect from 
dexamethasone treatment on survival, neurological sequels, or severe hearing 
loss [98]. Based on this, current treatment guidelines recommend adjunctive 
steroid treatment for cases of ABM in high-income countries only [66]. 

In the early phase of treatment of ABM, admission to an ICU is 
recommended. ICU monitoring is essential for the detection of changes in the 
patient’s mental status, development of seizures, for treatment of agitation, 
and initiation of mechanical ventilation in patients with hypoventilation or 
compromised airways [99]. For severe cases, with impending or manifest 
brain herniation, neurosurgical intervention with placement of intra-
ventricular drain followed by continuous monitoring and lowering of the ICP 
can be considered [36].   

1.3 Influenza 

The influenza virus 
There are three distinctive genera of influenza viruses; influenza A, B, and C. 
Influenza A virus is the most important human pathogen as it can cause 
severe disease and rapid worldwide spread: an influenza pandemic. It is also 
the most common type in seasonal influenza. Wild aquatic birds are the 
natural host for a wide spectrum of influenza A viruses but the virus can 
cause disease in several other animal species such as swine, horses, ferrets, 
and seals [100, 101]. Influenza B is an almost exclusively human pathogen. It 
usually causes mild disease and lacks pandemic potential. Influenza C is the 
genus with the least significance as a human pathogen. It can infect humans, 
dogs, and pigs. Human disease caused by influenza C is most often mild but 
severe disease can occur and it can infrequently cause local epidemics. 

All influenza viruses have a similar overall structure [102]. The virus particle 
consists of a spherical envelope enclosing a nucleus of RNA and proteins. 
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The host-cell derived lipid membrane is studded with surface glycoproteins, 
the hemagglutinin (HA) and the neuraminidase (NA). HA mediates viral 
binding to the host cell and entry of viral RNA into the cytoplasm, while NA 
is involved in the release of virus from infected cells. HA and NA are 
antigens to which antibodies can be raised and are also targets for antiviral 
drugs. Influenza A viruses are divided into subtypes according to the 
antigenic characteristics of HA and NA. The standard nomenclature for 
influenza A viruses includes virus type, species from which is was isolated, 
isolate number, isolate year, and for influenza A, HA and NA subtyps [103]. 
The influenza A and B viral genome each consist of eight separated viral 
RNA segments, whereas the genome of influenza C is divided into seven 
segments. Segmentation of the genome makes the basis for antigenic shift, in 
which a whole RNA segment can be passed over from one influenza A strain 
to another. This antigenic shift can result in a virus with radically new 
pathogenic and antigenic properties that could give rise to an influenza 
pandemic. Antigenic drift involves the accumulation of mutations within 
genes that code for the antibody binding sites in HA resulting in minor and 
gradual changes of antigenic characteristics. 

Figure 5. Influenza A virus 

Human influenza infection 
Shedding of influenza virus begins one day before onset of symptoms and 
last for five to seven days. People with the flu are generally most infective on 
the second and third day after onset of symptoms [104]. Virus can spread by 
direct person-to-person transmission, by the air-born route (inhalation of 
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droplets generated by sneezing people), and indirectly, by contact with 
contaminated surfaces [105]. 

The classic clinical picture of influenza is a sudden onset of fever, headache, 
cough, sore throat, nasal congestion, myalgia, weakness, and loss of appetite 
[106]. Seasonal influenza mostly gives rise to mild or moderately severe 
disease. Severe influenza is characterized by rapid destruction of the 
respiratory epithelium and profound lung pathology with development of 
respiratory failure. In addition, there is often an extensive systemic 
inflammatory response with the development of severe sepsis and multi-
organ failure [107]. Secondary bacterial infections are common [108, 109]. 
The pathogenicity of influenza viruses is a complex phenomenon determined 
by the interplay of several genes involved in the virus interaction with the 
host [110]. Changes of the affinity for HA to the human respiratory 
epithelium, adjustments of virus polymerase activity, and mutations in the 
viral protein PB1-F2 promoting secondary bacterial infections, are examples 
of factors that may affect the pathogenicity of an influenza A strain [111]. 
The most important host factor is the degree of pre-existing immunity. Low 
immunity is associated with worse prognosis and furthermore, if a 
characteristic of the general population, a critical factor for the emergence of 
pandemic spread. Individual host factors associated with adverse outcome 
are: high age, chronic circulatory and respiratory diseases, diabetes mellitus, 
and conditions with impaired immunity. In fact, more than 90% of seasonal 
influenza-associated deaths occur in people of 65 years of age or older [112, 
113]. 

There are at present two main groups of drugs for treatment of influenza. The 
adamantanes, amantadine and rimantadine, act as blockers of the influenza A 
M2 envelope protein. Because of previously extensive use of adamantanes, in 
humans as well as in poultry farming, there is now widespread resistance 
towards these drugs in most influenza strains [114]. The currently most used 
influenza treatment regimens, oseltamivir and zanamivir, are blockers of NA. 
Oseltamivir is available as a capsule for oral treatment while zanamivir must 
be delivered by inhalation. The oral route of administration has favoured the 
use of oseltamivir even if adverse drug effects, including nausea, diarrhoea, 
and neuropsychiatric events, are more common compared with zanamivir. A 
recent meta-analysis investigated the effects of NA-inhibitors in influenza A. 
It included all, published and unpublished, randomised placebo-controlled 
clinical trials. The final analysis comprised 42 studies with more than 25 000 
patients. Confirmed cases of influenza that received treatment had an 
approximately half a day reduction of the time to first alleviation of 
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symptoms. Treatment had no effect on hospitalizations and there was no 
reduction in complications classified as serious [115]. 

Every year, the seasonal influenza causes a high number of hospital 
admissions. Respiratory failure with the need for mechanical ventilation is 
the predominant factor precipitating ICU admission. Respiratory support can 
be provided either by NIV or by invasive ventilation requiring intubation or 
tracheostomy (Figure 3). In case of critical hypoxic failure in mechanically 
ventilated patients there are several adjunctive therapeutic strategies to 
improve oxygenation. Treatment with neuro-muscular blockers can reduce 
the overall oxygen consumption and decrease the resistance in the thoracic 
wall and the diaphragm, thereby improving oxygenation and reducing the risk 
for alveolar baro-trauma. Inhalational therapy with locally acting 
vasodilators, such as nitric oxide and prostacyclins, can adjust impaired 
pulmonary auto-regulation, resulting in better perfusion in aerated alveoli and 
thereby an overall more efficient gas-exchange [116, 117]. Prone positioning 
can also improve the matching of pulmonary circulation and perfusion [118]. 
All these rescue strategies can be off limited effectiveness and for really 
severe cases, extra corporeal membrane oxygenation (ECMO) might be the 
only way to achieve sufficient oxygenation [119].  

Influenza pandemics 
The biology and ecology of influenza A virus, especially its ability to 
exchange whole gene segments between different strains following mixed 
infections and the ability of the virus to adapt to several avian and 
mammalian species, forms the basis for the capacity of the virus to cause 
devastating pandemics. For at least five centuries, there have been recurrent 
epidemics and pandemics of human influenza [120]. The 1918–1919 
influenza A (H1N1) pandemic is estimated to have caused at least 50 millions 
of deaths worldwide, mostly among young and previously healthy individuals 
[121]. The later pandemics; the 1957–1958 ‘Asian’ (H2N2) influenza and the 
1968–1969 ‘Hong Kong’ (H3N2) influenza were not close to being as severe 
as the Spanish flu, but they are calculated to have caused more than one 
million deaths each [122]. It has been estimated that if a strain with virulence 
similar to the 1918 influenza emerged today, the global death toll could be 
between 50 and 80 million people [123]. 
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Figure 6.  Soldiers from Fort Riley, Kansas, ill with Spanish influenza at a 
hospital ward at Camp Funston. (Photograph downloaded from open domain) 

The ever-present threat of a new severe influenza A pandemic motivates 
global influenza surveillance programs and costly international and national 
plans for healthcare, vaccine production, and stockpiling of antivirals and 
antibiotics.  
 
In the beginning of 2009, countries in the southern hemisphere observed a 
high and rapidly rising incidence of severe influenza [124]. A previously 
unseen strain of influenza A (H1N1) was isolated. Within a few months it 
had spread to all continents with cases reported from more than 70 countries 
and an early report from Mexico indicated a high rate of severe illness among 
previously healthy young adults [125]. On June 11, 2009, the Director-
General of the World Healthcare Organisation declared the novel influenza A 
(H1N1) virus a pandemic [126]. 
 
This was the starting signal for the Swedish Pandemrix® vaccination program 
and for extensive planning and preparation of activities involving the entire 
Swedish health care sector. The Swedish College for Anaesthesia and 
Intensive Care appointed an expert group with the mandate to formulate 
guidelines for treatment of severe influenza in ICUs. This group also initiated 
internet-based collection of data on patients with influenza A (H1N1) treated 
in ICUs. The register was funded by The Swedish Association of Local 
Authorities and Regions (SKL) and the National Board of Health and 
Welfare. All Swedish ICUs were approached and recruited on a voluntary 
basis. The register was used for continuous reports to the funding authorities. 
In addition, it formed the basis for a scientific report (paper III) that is part of 
this thesis. 
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1.4 Necrotizing soft tissue infections 

Definition and pathophysiology of NSTIs 
Infections of the skin are among the most frequent conditions to be treated by 
general practitioners. Some infections, like superficial furuncles and 
cutaneous abscesses can often be cured with simple surgical drainage while 
others, such as erysipelas and infected animal bites often need antibiotics. 
More widespread cutaneous infections as well as post-operative wound 
infections are generally accompanied with fever and malaise, and often 
require hospital care with intravenous antibiotic treatment. Underlying 
conditions like diabetes mellitus, peripheral vascular occlusive diseases, and 
the use of intravenous drugs are risk factors for skin and soft tissue 
infections. Rarely, an infection of the soft-tissues can take a dramatic course 
with rapid local tissue destruction accompanied by a severe systemic 
inflammatory response. Hippocrates wrote the first medical text on severe 
skin infections: ”...would quickly spread widely in all directions. Flesh, 
sinews, and bones fell away in large quantities... There were many deaths. 
The course of the disease was the same to whatever part of the body it 
spread.” [127]. This is still an adequate description of the clinical picture for 
this type of infections. Since Hippocrates time, there have been many reports 
and publications on fulminant soft-tissue infections, and based on the causing 
organism, affected body parts, and other characteristics a wide number of 
definitions and classifications have been used [128, 129]. Many diagnostic 
terms have been suggested including: flesh-eating bacteria syndrome, 
suppurative fasciitis, streptococcal gangrene, necrotizing erysipelas, and 
necrotizing fasciitis. It has recently been suggested that the name necrotizing 
soft tissue infections (NSTIs) is the most comprehensive and clinically most 
useful term since diagnostic procedures and treatments are similar for all 
infections included in this entity. In a recent review NSTI was defined as: “… 
infections of any of the layers within the soft tissue compartment (dermis, 
subcutaneous tissue, superficial fascia, deep fascia, or muscle) that are 
associated with necrotizing changes” [130]. The predominant causing agent 
in NSTIs is Streptococcus pyogenes (S. pyogenes). It is remarkable that this 
bacterium, typically causing superficial skin infections of limited severity, in 
rare cases can give rise to such a rapid and life-threatening disease 
progression. Since the mid 1980s there has been a worldwide increase in 
severe manifestations of S. pyogenes infections. The factors underlying this 
surge remain unknown [131]. 
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The Lancefield classification divides S. pyogenes into different subclasses on 
the basis of serologic differences in the M protein. Some M-types are known 
to cause severe infections and the serotypes M1 and M3 are particularly 
associated with severe disease (NSTI and streptococcal toxic shock 
syndrome) [132]. The bacterium expresses a variety of different virulence 
factors contributing to the severe tissue destruction that is characteristic of 
NSTIs. Virulence mechanisms include host cell adhesion, immune evasion, 
and tissue destruction by bacterial enzymes [133]. Production of proteins 
acting as super-antigens with the capacity to non-specifically activate a large 
T-cell population precipitating the “Streptococcal toxic shock syndrome” is 
another potent virulence factor [134]. Host derived molecules can also be 
commandeered by bacteria to further contribute to tissue damage [133]. Less 
is known about specific virulence characteristics for colonic bacteria that 
comprise the second most prevalent bacterial agent in NSTIs. Host factors 
likely play an important role because many of the affected patients have 
diabetes mellitus and/or local compromising factors such as abdominal 
surgery, trauma, perianal abscess, or abdominal malignancy [135]. 

Clinical presentation and diagnosis of NSTIs 
The early clinical picture of NSTIs includes local swelling, erythema and 
tenderness, and is often indistinguishable from a benign skin infection. Once 
the infection progresses, the signs and symptoms get more typical with 
development of tense oedema, pain disproportionate to appearance, skin 
discoloration, necrosis, and sometimes crepitus. These symptoms are strong 
warning signals that motivate urgent action. The patients often also have 
signs of a systemic inflammatory response including high fever, tachycardia, 
hypotension, and shock. Importantly, although the mentioned local findings 
are typical and quite specific for NSTI, their sensitivity is low, and they are 
initially present in less than half of patients with NSTI [136, 137]. 
 
Routine inflammatory markers, such as C-reactive protein (CRP) and white 
blood cell count are typically elevated. Based on the values of six common 
laboratory parameters: CRP, white blood cell count, haemoglobin, sodium, 
creatinin, and glucose, Wong and colleagues have constructed a simple 
scoring system to help discriminate between superficial and deep necrotizing 
soft-tissue infections [138]. In the original study this “Laboratory risk 
indicator for necrotising fasciitis” (LRINEC) a score ≥ 6 had a positive 
predictive value of 92% and a negative predictive value of 96% for NSTI. 
The key diagnostic element once NSTI has been suspected is surgical 
exploration for inspection of underlying tissues and to secure samples for 
microbiological analyses [130]. If the initial suspicion of NSTI is low or 
moderate it is recommended to perform a bedside surgical incision in local 
anaesthesia. Such incision allows for a “finger test” whereby necrotic tissues 
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can be identified by an abnormally loose consistence and the possibility to 
dissect fascia planes with the finger [139]. In addition to cultures from the 
affected site and blood it is advisable to perform a bedside streptococcal test, 
using the standard rapid streptococcal diagnostic kit on extracted fluid [140]. 

Figure 7. Person with necrotizing soft-tissue infection. The left leg shows 
extensive redness and necrosis. (Photography downloaded from open domain) 

Treatment of NSTIs 
The treatment of NSTI is based on three essential components: rapid 
antibiotic treatment, early surgical debridement, and monitoring and care in 
an ICU. Empiric antimicrobial therapy must cover a wide range of bacteria 
and a broad-spectrum β-lactam antibiotic, such as piperazillin/tazobactam or 
meropenem, is the first hand alternative [141]. For streptococcal infections, 
and in all cases before the aetiology is established, additional antimicrobial 
treatment with clindamycin is recommended [130, 141]. This is motivated by 
suboptimal activity of β-lactam antibiotics in very dense populations of 
bacteria. In this situation bacteria tend to divide at a slower rate and are as a 
consequence less accessible to cell wall antibiotics such as β-lactams [142, 
143]. Clindamycin is an inhibitor of bacterial protein synthesis and its effect 
is therefore not dependent on bacterial division and cell wall synthesis. 
Furthermore, clindamycin may help by inhibiting bacterial toxin production, 
which can be crucial for controlling tissue destruction and the systemic 
inflammatory response [143]. There are however no human trials confirming 
an additional effect of clindamycin. 
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Early and aggressive surgical debridement of all devitalized tissue is a 
fundamental part of the therapy. The time from hospital admission to surgery 
is the strongest determinant for outcome. In an analysis of 65 NSTI patients, 
the average time to surgery was 90 hours in non-survivors compared with 25 
hours in survivors [136]. A more recent study identified surgery within 24 
hours after hospital admission as the only predictor of survival in a 
multivariate analyse [137]. Surgery has to be repeated daily until no 
devitalized tissue can be found [141]. After the acute phase of illness, most 
patients will need reconstructive surgery including skin grafting. 

The third decisive component in the care of NSTI is treatment in an ICU 
where adequate monitoring, treatment of septic shock, and support of failing 
organs are essential for patients chances of survival. 

A less established adjunctive therapy is the administration of high dose 
intravenous immunoglobulin (IVIG). There is experimental evidence for 
IVIGs capacity to neutralize streptococcal super-antigens, thereby protecting 
against the development of streptococcal toxic shock syndrome [144]. There 
is, however, limited support for IVIG in clinical trials; one case series has 
shown better survival with IVIG compared with untreated historical controls 
[145], while the only randomized controlled trial this far showed a tendency 
towards reduced mortality with IVIG, but the study was under-powered and 
did not allow for any general conclusions [146]. 

Another adjunctive therapy is hyperbaric oxygen (HBO) therapy in which the 
patient is enclosed in a chamber and breathes 100% oxygen at pressure > 1 
atmosphere absolute. HBO increases the oxygen partial pressure in blood and 
tissues. Experimentally HBO has been associated with positive effects in 
infected tissues including: enhanced neutrophil bacterial killing, reduction of 
tissue oedema, increased local antibiotic activity, and improved survival of 
ischemic tissue [147]. Clinical data for a role of HBO as part of NSTI 
treatment are of very poor quality and based merely on uncontrolled, 
observational case series [148]. 

Mortality among patients with NSTI is primarily a consequence of early 
therapy-resistant septic shock while later deaths are caused by multi-organ 
failure or complications such as secondary hospital-acquired infections [136]. 
There is a large variation in the NSTI mortality rate, ranging from 8% to 30% 
[136, 149-153]. Caution is warranted when comparing treatment results from 
different studies because of large inter-study variations of important variables 
such as demographic characteristics, causative agents, and initial severity of 
illness. There is also a disparity in how mortality is registered in different 
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studies, some use in-hospital mortality and some use time limited (28 days, 
30 days, 90 days) mortality. 

As for many other rare and complex conditions, it is common to centralize 
the care of patients with severe NSTI to large tertiary hospitals, often with 
HBO facilities. Sahlgrenska University Hospital/East serves as a regional 
centre for the treatment of patients with NSTI in the Western part of Sweden. 
Treatment with HBO is available around the clock and transport of patients 
from other hospitals in the region is facilitated by an ambulance helicopter 
service. All patients with NSTIs treated at this unit are included in a quality 
register. There are many potential benefits of centralizing care for patients 
with NSTIs, but this concept has also been questioned. One aspect of 
centralized care is that patients with a severe infection, in this case NSTI, 
have to be transferred from one hospital to another, and moving a critically ill 
patient is not entirely without risk. This early inter-hospital transfer has been 
identified as a risk factor for increased mortality in patients with NSTI in two 
studies from the USA [154, 155].  
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2 AIM 

 

The overall aim of this thesis was to elucidate some defined aspects of the 
diagnosis and treatment of three very severe infections requiring intensive 
care, infections that we see on a regular basis in our ICU at the Department of 
Infectious Diseases.  

 

The specific aims were: 

 
• To investigate the outcome of acute bacterial meningitis in 

adult patients treated with β-lactam antibiotics in 8-hour 
dosing intervals. 

 

• To define the time windows for positive CSF PCR and CSF 
ICT in community-acquired acute bacterial meningitis. 

 

• To determine the characteristics of patients with Influenza A 
(H1N1) during the 2009–2010 pandemic treated in Swedish 
ICUs, and particularly, to describe the clinical course and 
outcome depending on respiratory support strategy.  

 

• To analyse patient characteristics, inter-hospital transfer, 
treatment, and outcome of patients with necrotizing soft 
tissue infections at Sahlgrenska University Hospital/East 
from 2008 to 2011. 
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3 PATIENTS AND METHODS 

3.1 Study participants 

Paper I 
All adult patients (≥16 years of age) with community-acquired ABM treated 
at Sahlgrenska University Hospital, Gothenburg, Sweden during a 6-year 
period (1999–2004) were included. For inclusion, the clinical diagnosis had 
to be supported by CSF neutrophilic pleocytosis, and/or a positive culture 
from CSF or blood. Patients also had to be treated with β-lactam antibiotics. 
Patients with infections related to ventricular shunts or other CNS indwelling 
devices were excluded. We also omitted patients having primarily epidural or 
intra-cerebral infections with meningeal involvement and patients with an 
ABM caused by Mycoplasma pneumoniae. Patient characteristics and data on 
treatment and outcome of therapy were retrospectively extracted from 
medical charts. We identified possible participants by searching the hospital 
database of medical diagnosis according to International Statistical 
Classification of Diseases and Related Health Problems, 10th revision (ICD-
10). The final analysis included 77 patients with total 79 episodes of ABM. 

 

Paper II 
This prospective study recruited patients 16 years of age or older, with a 
medical history and clinical signs compatible with community-acquired 
ABM. Participants had to have a bacterium identified by CSF culture, CSF 
PCR, or CSF ICT, or a positive blood culture in combination with CSF 
pleocytosis defined as a leukocyte count of more than 100 x 106/L. Patients 
with indwelling CNS devices with community-acquired ABM were accepted 
for the study, but patients with post-operative infections following 
neurosurgery were excluded. We also excluded patients with epidural or 
intra-cerebral infections and secondary meningeal involvement. 

In total, CSF was collected from 25 subjects with ABM admitted to the 
Department of Infectious Diseases, Sahlgrenska University Hospital, 
Gothenburg, Sweden, between January 2007 and April 2014. Informed 
consent was obtained from all study participants or, for unconscious subjects, 
from a relative. 
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Paper III 
This study comprised 126 out of the 136 patients with laboratory-confirmed 
novel influenza A (H1N1), who were treated in Swedish ICUs during the 
period August 2008 to March 2009. Ninety-five of the patients were included 
via the national registry of patients with the pandemic flu. Another 31 
patients were identified and included by information provided from the 
Swedish Institute for Communicable Disease Control. For the latter cases 
data collection was based on copies of medical charts. Analyses of 
ventilatory support strategies were only conducted on adult patients (≥16 
years of age). 
 

Paper IV 
All individuals with NSTIs admitted to the ICU at Sahlgrenska University 
Hospital/East during the period 1 January 2008 to 31 December 2011 were 
included in the study. Study inclusion was based on the surgeon's description 
of necrosis engaging the dermis, subcutaneous tissue, fascia, or muscle 
during primary surgical revision. Study criteria where met by 29 patients. 
Patient data was extracted from the local quality register of patients with 
NSTIs at the Sahlgrenska University Hospital/East. For transferred patients, 
data concerning the care in other hospitals was extracted from copies of 
medical charts. 

 

3.2 Methods 

Paper I 
Level of consciousness was assessed using the Reaction Level Scale. 
Outcomes were graded according to the Glasgow Outcome Scale. Bacterial 
cultures of CSF and blood were performed according to hospital routines. 
Resistance testing was carried out with a standardized disc diffusion method. 
Mortality was defined as in-hospital mortality. 
 

Paper II 
In addition to the first, clinically justified LP, participants underwent one or 
two more LPs during the first 10 days after initiation of antibiotic treatment. 
CSF was analysed for concentrations of polymorphonuclear and mononuclear 
leukocytes, glucose, albumin, and lactate. Microbiological analyses 
performed on CSF samples were cultures, broad-spectrum PCR, and ICT. 
Blood cultures were drawn on the day of admission only. 
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Bacterial cultures of CSF and blood were performed according to hospital 
routines. Resistance testing was carried out with a standardized disc diffusion 
method. 

For broad-range PCR the CSF was centrifuged, after which DNA was 
extracted. Forward and reverse primers were used to amplify a segment of the 
16s rRNA gene. A positive finding was followed by genome sequencing. The 
bacterial species was determined by comparing the sequencing products with 
sequences in a database. The method is described in detail in paper II. 

The CSF S. pneumoniae ICT  (BinaxNow®) was performed according to 
instructions by the manufacturer. 

Paper III 
NIV was defined as continuous positive airway pressure with or without 
pressure support ventilation delivered through a facial mask or another 
external connection device. Participants were classified into three groups: (a) 
supplementary oxygen only, (b) NIV only or followed by invasive 
ventilation, or (c) invasive ventilation without preceding NIV. Patients who 
were treated with NIV for less than one hour prior to intubation were 
classified as treated with invasive ventilation without preceding NIV (group 
c). The primary outcomes were mortality at 28 and 90 days following 
hospital admission. We also determined time with invasive ventilation, length 
of ICU stay, length of hospital stay, and complications such as 
radiographically diagnosed pulmonary barotrauma, central venous catheter-
related blood stream infections, and VAP. Severity of illness was estimated 
in adults (>16 years) using Simplified Acute Physiology Score 3 (SAPS 3). 

Paper IV 
The main outcomes were mortality at 30 and 90 days following hospital 
admission. We also used a composite outcome, ‘adverse outcome’, which 
was defined as the 30-day mortality or amputation of an extremity. Other 
outcomes were time on mechanical ventilation, length of ICU stay, and 
length of hospital stay. General severity of illness was estimated using the 
Acute Physiology and Chronic Health Evaluation 2 (APACHE 2). The score 
was calculated for the first 24 hours after admission to the ICU at 
Sahlgrenska University Hospital/East. The LRINEC score was calculated for 
all patients. 
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3.3 Statistics 
Descriptive analyses included frequency analysis (percentage) for categorical 
variables and medians [with interquartile range (IQR)] or means [with 
standard deviation (SD)] for continuous variables. In paper II comparison of 
CSF levels of cells, glucose, albumin, and lactate at different time periods 
was performed with the Kruskal-Wallis one-way analysis of variance. In 
paper III, relative risk of death, with the 95% confidence interval (CI), was 
calculated for patients treated with NIV compared with immediately 
intubated patients. Kaplan-Meier curves were used for time to event analyses. 
In paper IV comparison between two independent groups was performed 
with Fisher´s exact test for categorical variables and with the Mann-Whitney 
U-test for continuous variables. 

3.4 Ethics 
Ethical approvals were obtained from the Regional Ethical Review board at 
the University of Gothenburg: Dnr 074-06 (paper II), Dnr 557-10 (paper III), 
Dnr 866-12 (paper IV). Written informed consent was obtained from patients 
participating in paper II. 
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4 RESULTS AND DISCUSSIONS 

4.1 Paper I 

Results 
During the six-year study period, a total of 80 adult cases of community-
acquired ABM were identified. Out of these, 79 were mainly treated with a β-
lactam antibiotic, dosed 8-hourly or less frequently, and therefore included in 
the final analysis. Median age of the patients was 49.5 years (range 16–93) 
and 50% were female. Compromising conditions (e.g. malignancy, 
autoimmune disorders, immunosuppression, diabetes mellitus, alcoholism, or 
historical neuro-trauma) were present in 35%. 

S. pneumoniae was the most prevalent pathogen, identified in 47.5%, 
followed by N. meningitidis (12.5%) and L. monocytogenes (5.0%) (Table 2). 

Table 2. Aetiology and outcome of acute bacterial meningitis. 

Bacteria No. of episodes (%) No. of  deaths No. of sequels 
S. pneumoniae 37 (47.5) 2 11 
N. meningitidis 10 (12.5) 1 
L. monocytogenes   4 (5.0)   1 
S. aureus   3 (3.8) 1 
K. pneumoiae   3 (3.8)   2 
H. Influenzae   3 (3.8) 
E. coli   2 (2.5) 
S. pyogenes   1 (1.2)   1 
Coag. neg. staph.   1 (1.2) 
Unknown 15 (18.8) 1   4 

Total 79 5 (6.3%) 19 (24.1%) 

The most frequently used empirical antibiotics were: cefotaxime + ampicillin 
(35%), ampicillin (22%), and cefotaxime (13%). Adjunctive therapy with 
high dose corticosteroids was given in 59% of the patients. Benzylpenicillin 
was the most frequently used antibiotic after culture results were obtained 
and it was overall the most used antibiotic (Table 3). Seventy-two patients 
(91%) were treated in an ICU and one patient was supplied with a device for 
intracranial pressure monitoring. In hospital mortality was 6.3% and 24.1% 
of the patients developed neurological sequels (Table 2). 
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Table 3.  Usage of β-lactam antibiotics. 

Antibiotic No. of treatment 
courses 

Median dose and 
range (g) 

Dose interval (h) Median days and 
range 

Benzylpenicillin 43 4 (3a–4) 8 8 (1–15) 

Ampicillin 54 4 (2a–4) 8 (8–12b) 2 (1–18) 

Cefotaxime 56 3 (2a–3) 8 (8–24b) 4 (1–14) 

Cefuroxime 13 1.5a (0.75a–3) 8 2 (1–10) 

Ceftazidime 2 0.5a and 2 12 2 and 5 

Meropenem 14 2 (0.5a–2) 8 (8–24b) 3 (1–13) 
a Lower than recommended doses given as follows: in 10 episodes before correct diagnosis established, 
in 3 episodes because of renal failure, in 1 episode for subsequent nosocomial infection, and in 2 
episodes for unknown reasons. b Dose intervals longer than 8 h used at some phase of the treatment in 3 
episodes of meningitis with acute renal failure, and in 1 episode for unknown reasons. 

Discussion 
The mortality was low (6.3%) among our patients with community-acquired 
ABM. At the time this study was performed most comparable publications 
reported mortalities ranging from 20% to 30% and there were only two 
studies with similar low mortalities, 11% and 8.7%, respectively [94, 156]. 
Mortality in later studies from high-income countries varies between 9.9% 
and 23% [157-163]. The Swedish national quality register for adult ABM 
reported an in hospital mortality of 6.1% for the 132 patients registered 2013 
[164]. 

The incidence of neurological sequels among patients in our study is rather 
high (24%) compared to the studies mentioned above (8–24%). One possible 
explanation for this discrepancy could theoretically be that an increased 
number of survivors of such a severe infection in the CNS could lead to a 
higher incidence of neurological deficits. It is also probable that the inter-
study variation could, at least partly, be due to methodological differences in 
parameters such as follow up times and diagnostic criteria for sequels. 

Based on published data, it is not possible to determine the reasons for the 
low mortality among our patients. One of the most important risk factors for 
death in ABM is the level of consciousness at the time of hospital admission 
[165]. The proportion of patients with decreased level of consciousness was 
in the same range among our patients as in studies with higher mortality [92]. 
One difficulty is that we cannot compare the proportions of patients with 
deep coma (RLS ≥ 4), since this information is not stated in most studies. In 
our study, 28% of the patients had RLS 4 or more on arrival to the hospital. 
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We can therefore not exclude that this important risk factor associated with a 
severe outcome has varied between studies. There may also be important 
differences in the overall care of patients between different sites. The 
incidence of patients monitored in an ICU is often not reported, but the 
proportion of ICU-admissions (91%) among our patients is probably 
unusually high and could be a factor that favours survival. 

The crucial question is if our results allow for general statements regarding 
the optimal dosing of β-lactam antibiotics in patients with ABM. The 
pharmacodynamics and pharmacokinetics of antibiotics in bacterial CNS 
infections are as described in the introduction, highly complicated, 
incompletely understood, and to a large extent not confirmed in humans. We 
know that the BBB constitutes an obstacle for the diffusion of β-lactam 
antibiotics into CSF, but we also know that the elimination of β-lactams is 
slower from CSF than from most other body compartments. Meningeal 
inflammation causes an increase of BBB permeability with increased influx 
of β-lactam antibiotics but this increased permeability is possibly attenuated 
by steroid treatment and the permeability gradually normalizes during the 
course of antibiotic treatment. The net effect of all these parameters on the 
total CSF exposure over-time of β-lactams is not known. Additionally, 
immunity inside the CNS is in many ways less effective compared with other 
compartments but if, and to what existent, this has implications on required  
“time over MIC” for optimal antimicrobial effect is unclear. 

Our results cannot prove that a regimen with 8-hourly dosing of β-lactam 
antibiotics is equally effective as the more widely adopted regimens with 6 or 
4-hourly dosing. In the light of our exceptionally good treatment results it can 
nevertheless be stated that the potential difference in clinical effect between 
8-hour dosing and more frequent dosing regimens could at the most be of 
minor clinical significance. Rapid diagnosis, prompt antibiotic treatment, and 
adequate monitoring in an ICU, remain the central elements in the treatment 
of patients with bacterial meningitis. 

4.2 Paper II 

Results 
This study was based on 70 prospectively collected CSF samples from 25 
individuals with community-acquired ABM. All patients were treated with 
high-dose β-lactam antibiotics and all but one patient received adjunctive 
therapy with corticosteroids. LP was performed prior to the first dose of 
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antibiotics in 40% of the patients and blood cultures were drawn before 
initiation of antibiotics in all but three participants. 

Table 4. Results of PCR analysis for all patients during the study period. 

Patient 
code 

Bacteria CSF PCR        
day 0 

CSF PCR 
days 1-3 

CSF PCR 
days 4-6 

CSF PCR 
days 7-10 

07-4 S. pneumoniae + + +  
09-3 S. pneumoniae + + +  
11-1 S. pneumoniae + +   
11-6 S. pneumoniae + + +  
12-11 S. pneumoniae   + + +  
12-15 S. pneumoniae + + +  
13-1 S. pneumoniae +  + + 
13-3 S. pneumoniae + +  + 
13-6 S. pneumoniae  + + – 
13-8 S. pneumoniae + + –  
13-11 S. pneumoniae  + +  
14-2 S. pneumoniae 

+  + – 
08-5 N. meningitidis + +   
11-2 N. meningitidis + + +  
12-1 N. meningitidis + – –  
08-2 N. meningitidis  + +  
10-6 H. influenzae + + –  
11-5 H. influenzae + –   
13-4 S. pyogenes   + – 
14-4 S. pyogenes +  +  
08-7 L. monocytogenes + + –  
07-1 Strep. group C + + +  
12-12 P. multocida +  +  
12-10 E. faecalis +  – – 
07-5 Gemella specie + + –  

  Day 0 Days 1-3 Days 4-6 Days 7-10 

 Positive/total 21/21 17/19 15/21 2/6 
 Sensitivity 100 % 89 % 71 % 33 % 
	
  
Grey	
   areas	
   indicate	
   that	
   the	
   analysis	
   has	
   not	
   been	
   performed.	
   CSF,	
   cerebrospinal	
   fluid;	
   PCR,	
  
polymerase	
  chain	
  reaction;	
  ICT,	
  immunochromatographic	
  test 

We identified nine different bacterial species. The most frequently identified 
bacteria were S. pneumoniae (48%), N. meningitidis (16%), H. influenza 
(8%), and S. pyogenes (8%). There were no contradictory findings between 
the different diagnostic methods. Of all samples the infecting bacteria could 
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be identified by CSF culture in 44%, by blood culture in 58%, and by CSF 
PCR in 100% of the patients. The ICT was positive in 92% of the cases with 
pneumococcal meningitis.  

There were no positive CSF cultures in samples from day 1 or later. The 
diagnostic sensitivity of CSF PCR was 89% on days 1–3, 71% on days 4–6, 
and 33% on days 7–10 (Table 4). In patients with pneumococcal meningitis, 
the ICT was positive in 88% on days 1–3, 90% on days 4–6, and 75% on 
days 7–10. The PCR performance over time in identifying S. pneumoniae 
was 100% on days 1–3, 90% on days 4–6, and 50% on days 7–10. 

All CSF chemical analyses changed significantly from highly pathological 
levels towards normal during the study period (Figure 8). 

Figure 8. CSF levels of biochemical markers in different time periods during the 
treatment of bacterial meningitis. 

Discussion 
Our study shows that the diagnostic sensitivity of broad-range PCR is high 
for CSF samples taken during the first week of treatment. This is in 
agreement with a smaller previous study of 11 cases of pneumococcal 
meningitis in infants where PCR and ICT remained positive for up to 20 days 
after the initiation of antibiotics [63]. 
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Culture negative ABM is common among adults and is most often the result 
of antibiotic administration before LP. PCR is much less affected by 
antibiotic pre-treatment and our study provides evidence to perform a 
diagnostic LP for PCR up to one week after initiation of therapy in ABM 
without positive cultures. This long time window for PCR is of particular 
clinical relevance in patients where early LP is contraindicated because of 
septic shock, signs of impeding cerebral herniation, severe coagulopathy, or 
infection at the site of the LP. For these patients it will often take several days 
before it is safe to perform a LP. 

There is one published study comparing the over-time performance of CSF 
cultures with broad-range PCR for patients with shunt-associated bacterial 
meningitis [166]. CSF cultures from patients with shunt-associated 
meningitis were to a large extent culture positive several days after the start 
of antibiotic treatment. Broad-range PCR increased the probability in finding 
an aetiological agent for these patients at every time-point, but there was no 
difference in the incidence of positive findings over time when comparing 
cultures with PCR. The divergence of results for neurosurgical patients 
compared with our patients with community-acquired ABM is very 
interesting and we recognise two plausible explanations. Firstly, in the 
neurosurgical patients, the predominant bacteria were opportunistic agents, 
such as coagulase-negative staphylococci and gram-negative enteric bacteria. 
Some of these bacteria are less susceptible to antibiotics compared with the 
bacterial species commonly found in community-acquired ABM (i.e. S. 
pneumoniae, N. meningitides, and H. influenzae), which could result in 
slower bacterial killing and extended culture positivity. Secondly, the intra-
ventricular shunts provide surfaces for bacterial biofilm formation and may 
thereby contribute to prolonged bacterial survival among neurosurgical 
patients. 

The major drawback of PCR is that it does not readily provide information 
about antibiotic susceptibility for the identified bacteria. This problem is 
particularly important in meningitis caused by S. pneumoniae in parts of the 
world where the prevalence of penicillin-resistant strains is high. Although 
there are methods for detecting the most common resistance genes in S. 
pneumoniae there is always the possibility that new mutations will appear. 
This is why cultures with susceptibility testing provide the only absolutely 
safe information on patterns of resistance. The identification of the bacterial 
species is, however, in most cases enough for safe narrowing of the antibiotic 
therapy and for guiding of the length of treatment. 
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The sensitivity and time window for positivity of the ICT for S. pneumoniae 
was similar to the broad-range PCR. Remarkably though, there was one case 
of pneumococcal meningitis, confirmed by both CSF culture and PCR that 
was negative in ICT. This finding of positive PCR but negative ICT persisted 
in all samples taken at three different time points during the course of 
treatment. This could suggest a pneumococcal strain with a variety of the 
polysaccharide c antigen not detected by the ICT. We have not been able to 
find any observations of this kind in the literature. We have this S. 
pneumoniae strain stored in the laboratory and plan to investigate it further. 

With the obvious limitation of only detecting S. pneumoniae, ICT has several 
advantages. It is inexpensive and does not require advanced laboratory 
techniques, which makes it suitable for use in low-income countries with 
limited health-care resources. It has been tested in some African and Asian 
countries and has been shown to have additional diagnostic value even in 
environments where CSF cultures are available [167]. Our study 
demonstrates persistent sensitivity for the ICT during the first week of 
antibiotic treatment, which justifies a late LP with ICT analysis in ABM of 
unknown aetiology. 

Because of the excellent performance of broad-range PCR there is however 
little if any additional diagnostic value of ICT, why the use of ICT only can 
be recommended in settings where PCR not is available. 

It is important to be cautious when deciding how to use new diagnostic tools 
and to consider to what extent they could and should change the total 
diagnostic process. Potentially, there is a risk that the high probability for a 
positive PCR result even with antibiotic pre-treatment could influence the 
diagnostic routine towards postponing LP. Since LP and CSF analysis is the 
only way to definitively establish the ABM diagnosis it is probable that such 
a tendency would lead to an increase in both under- and over-diagnosis of 
ABM. The old rule to always, unless clearly contraindicated, perform an 
immediate LP in cases of suspected ABM is still valid. 

Repeated CSF samples also gave us the opportunity to analyse the over time 
changes of chemical routine analyses (cell count, glucose, albumin, and 
lactate) performed for the diagnosis of CNS infections. Normalisation of 
these parameters is rapid and for most patients the typical bacterial pattern 
has disappeared within the first days of antibiotic treatment, which explains 
why a delayed LP could easily be misinterpreted. The observation that, after 
a few days of antibiotic treatment, the mononuclear leukocytes typically 
outnumber the polymorphonuclear leukocytes is especially important, as this 
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could be mistaken for a sign of a viral CNS infection. The over time change 
towards mononuclear dominance has previously been described in children 
[168], but to our knowledge, not previously in adult ABM. 

4.3 Paper III 

Results 
During the period August 2009 to February 2010, 136 cases of laboratory 
verified influenza A (H1N1) were admitted to Swedish ICUs. A population 
based surveillance reported that around 500 000 individuals fell ill with 
influenza during the pandemic in Sweden [169]. The incidence of intensive 
care can then be determined to 27 per 100 000 infected individuals. We could 
retrieve detailed enough data for 126 out of the 136 individuals admitted to 
ICUs, and these were included in the study. The median age was 44 years 
(IQR 28–56) and 66% were male. The age distribution was: < 16 years 13%, 
16–65 years 80%, and > 65 years 7%. Major co-morbidities were present in 
41%. Chronic pulmonary disease (26%) and diabetes mellitus (16%) were the 
two most prevalent co-morbidities. Obesity (BMI > 30 kg/m2) was observed 
in 39% of adult patients. This is twice as high as the prevalence in the general 
adult Swedish population. The median time from onset of influenza 
symptoms to hospital admission was six days (IQR 3–7) and the median time 
from arrival in the emergency department to ICU admission was 10 hours 
(IQR 1–28). The majority of patients (56%) had visited a hospital or a 
primary health-care facility because of their influenza symptoms before 
hospital admission. Of these, 54% had been prescribed antibiotics, while only 
three individuals (5%) had been prescribed oseltamivir. 

The treatments provided were: mechanical ventilation (NIV and/or invasive 
ventilation) in 85%, renal replacement therapy in 21%, and circulatory 
support with vasopressors or inotropes in 56%. The median time on 
mechanical ventilation was 13 days (IQR 6–24) for the 76 patients (63%) 
requiring invasive ventilation. Respiratory rescue therapies (muscle relaxants, 
nitric oxide inhalation, prostacyclin inhalation, prone positioning, and 
ECMO) were used in 29%. Among these, 16/126 (13%) were treated with 
ECMO. 

Corticosteroids were given to 52% of the patients. There was no difference in 
the 90-day mortality between patients that had been treated with (11%) and 
without (10%) corticosteroids. Antibiotics were given to 98% of the patients 
and 91% were given oseltamivir. Four of these patients were also given 
inhalation therapy with zanamivir. 
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Fourteen patients (11%) died within 28 days and 21 patients (17%) died 
within 90 days after ICU admission. Non-survivors where generally older, 
had a higher prevalence of co-morbidities, and had signs of more severe 
respiratory disease on ICU admission compared with survivors. The median 
BMI was higher for survivors than for non-survivors (28 vs. 26 kg/m2). 
Median time from ICU admission to death was 19 days (IQR 6–37). The 
overall median length of stay in ICU for all patients was 9 days (IQR 3–21), 
and the median length of stay in hospital was 19 days (IQR 9–36). 

Detailed information about respiratory support was available for 109 of the 
110 adult patients. Sixteen of these (15%) were treated with supplementary 
oxygen via a facial mask or nasal catheter only, while 67 (61%) were treated 
with NIV. Forty-five (67%) patients receiving NIV were later intubated for 
invasive ventilation. Twenty-six patients (24%) were intubated and started on 
invasive ventilation without any preceding NIV. Median time from arrival in 
the ICU to intubation was 12 h (IQR 5–23) for patients treated with NIV 
before intubation and 2.5 h (IQR 1–10) for those started on invasive 
ventilation without preceding NIV. 

Patients treated with supplementary oxygen only were younger, had fewer 
co-morbidities, and less severe acute illness in terms of SAPS 3 compared 
with the other two groups. Patients directly started on invasive ventilation 
were older (median age 52 versus 49 years), a higher prevalence for major 
co-morbidities (50% versus 44%), and lower PaO2/FiO2 ratios at ICU 
admission (80 versus 86 mmHg) compared with patients started on NIV. The 
28-day mortality did not differ for patients started on NIV compared with 
patients who were intubated directly, but the 90-day mortality was 25%  and 
12% (relative risk 2.2, 95% CI 0.7–6.9), respectively (Figure  9 and Table 5).  

Discussion 
The incidence of ICU admissions in Sweden during the pandemic phase of 
Influenza A (H1N1) – 1.5/100 000 inhabitants – was less than half compared 
with incidences reported from Australia and New Zealand but in the same 
range as reported from Denmark [170, 171]. One explanation for this 
discrepancy could be how the countries approached the controversial issue 
regarding vaccination during the pandemic. Vaccination could have a major 
impact on the need for ICU treatment during influenza pandemics. In 
Sweden, vaccination of the general population was initiated in mid-October 
2009. According to official statistics from the Swedish Institute for 
Communicable Disease Control, around 60% of the population was 
vaccinated with at least one dose of Pandemrix® vaccine. Pandemrix® has  
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Figure 9. Outcome for adult patients grouped after level of respiratory support. 
*Death defined as 90-day mortality. Rescue therapy includes nitric oxide
inhalation, treatment with muscle relaxants, and extracorporeal membrane 
oxygenation. NIV, non-invasive ventilation, IV, invasive ventilation. 

Table 5. Treatment and outcome for adult patients grouped according to level 
of respiratory support. 

All adult patients  
(n=110) 

Oxygen only 
(n=16) 

NIV1 
(n=67) 

IV2directly
(n=26) 

Treatments % (no./total no.) 
Oseltamivir 92%  (99/107) 81%  (13/16) 94%  (61/65) 96%  (24/25) 
Antibiotics 98%  (105/107) 93%  (13/14) 98%  (65/66) 100%  (26/26) 
Vasopressors or inotropes 60%  (65/108) 0% (0/16) 63%  (41/67) 88%  (23/26) 
Corticosteroids 52%  (55/105) 31%  (5/16) 56%  (35/62) 54%  (14/26) 
Dialysis 24%  (26/106) 7%  (1/15) 20%  (13/64) 46%  12/26 
Respiratory rescue therapy  
  Any rescue therapy  32%  (35/107)        n.a. 31%  (21/67) 54%  (13/24) 
  Nitric oxide  4%  (4/102)        n.a. 3%  (2/63) 9%  (2/22) 
  Prostacycline 5%  (5/102)        n.a. 6%  (4/62) 4%  (1/23) 
  Prone positioning 9%  (9/104)        n.a. 8%  (5/63) 17%  (4/24) 
  Muscle relaxation 15%  (15/103)        n.a. 16%  (10/63) 17%  (4/23) 
  ECMO3 15%  (16/110)        n.a. 15%  (10/67) 23%  (6/26) 

Outcomes %, (no./total no.) 
28-days mortality 12%  (13/110) 0% (0/16) 15%  (10/67) 12%  (3/26) 
90-days mortality 18%  (20/110) 0% (0/16) 25% (17/67) 12%  (3/26) 

Days with IV, median  (IQR5)  15 (7-24)        n.a. 14 (8-24) 16 6-33 
Days in ICU, median  (IQR) 11 (4-25) 1 (1-3) 12 (5-26) 17 8-32 
Days in hospital, median  (IQR) 23 (11-40) 6 (4-13) 24 (12-39) 24 16-57 
Duration, ED to death6 - days, 
median (IQR)

20 (6-38) No deaths 28 (12-39) 7  n.a. 

1 NIV, non-invasive ventilation; 2 IV, invasive ventilation; 3 ECMO, extra corporeal membrane oxygenation; 
4 adverse outcome defined as dead within 90-days or usage of any rescue therapy; 5 IQR, inter-quartile range;  
6 based on 90-day mortality. n.a.: not applicable 
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since then been shown to increase the risk for developing narcolepsy [172, 
173]. A recent epidemiological survey estimated the Swedish Pandemrix® 
vaccination campaign to have caused 84 extra cases of narcolepsy among 
individuals younger than 20 years of age [174]. The tragedy of the vaccine-
caused narcolepsy cases combined with the fact that the pandemic turned out 
to be only of moderate severity has led to questioning whether it was right or 
not to mass vaccinate. On the other hand, vaccination might have reduced the 
number of individuals with severe influenza in need of ICU treatment. 
Speculatively, it is possible that without the vaccination programme, Sweden 
would have reached the same incidence of ICU admissions as the un-
vaccinated populations in Australia and New Zealand. In that scenario, 
Swedish ICUs would have faced a doubling of severe influenza cases and 
presumably another 20 influenza deaths. 

Almost all patients in our study where treated with oseltamivir. It is largely 
unknown if oseltamivir is beneficial in cases of influenza with manifest 
respiratory failure, but some reports indicate a reduced risk for ICU 
admission with early oseltamivir treatment in hospitalized patients [175, 
176]. 

Since the lung injury in influenza to a large extent is a result of excess local 
inflammation there is theoretically a potential for protective effects from 
immunomodulatory therapy with corticosteroids, but there is no clinical 
evidence that corticosteroids are of benefit in severe influenza. On the 
contrary, the use of steroids has been associated with worse outcomes in 
patients with influenza [177, 178]. We could not confirm these findings, but 
our results do not indicate any obvious benefit of corticosteroids either. 

The optimal ventilatory strategies in cases of hypoxic respiratory failure are 
not fully known. The use of NIV may avoid intubation but could also delay 
the initiation of invasive ventilation, thereby making the patient more 
vulnerable to complications and adverse outcomes. Among mechanically 
ventilated patients with pandemic influenza A H1N1, NIV was used in 19–
41% of the patients [125, 179, 180]. In our study, 61% of the ICU patients 
received respiratory support with NIV. For approximately one third of the 
patients this was a sufficient support strategy, but the rest had to be converted 
to invasive ventilation. The mortality among patients treated with NIV tended 
to be higher than for those started on invasive ventilation directly. Similar 
results have been demonstrated by other studies regarding the possible 
adverse effects associated with delayed initiation of invasive ventilation [181, 
182]. A recently published prospective multicentre study from Italy evaluated 
the use of NIV in 98 ICU patients with influenza A H1N1 during the year 
following the pandemic [183]. They found that NIV was effective in 
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preventing invasive ventilation in 48% and they also saw a reduced number 
of secondary infections. There are, however, important differences between 
the Italian patients and the patients in our study. Firstly, in the Italian study 
only patients with less sever respiratory impairment were selected for initial 
NIV. Secondly, monitoring during NIV was protocolized with prompt, early 
intubation in patients that did not respond with respiratory improvement. The 
Swedish participants treated with NIV, had very severe respiratory 
impairment and for patients failing NIV, time to intubation was noticeably 
long (median 22 hours, IQR 8–44). 
The overall conclusion is that if NIV is to be used in patients with hypoxic 
influenza it should be applied early and in those with a disease of little or 
moderat severity only. The treatment must be monitored carefully with a 
readiness to intubate if there is no improvement during the first few hours 
with NIV. With these limitations NIV could probably be a safe strategy for a 
selected minority of influenza patients but it does not seem to have the 
potential for being used as a large-scale ventilatory strategy that could be 
relocated to wards outside ICUs. 

4.4 Paper IV 

Results 
During the four-year study period from January 2008 to December 2011, 29 
patients with NSTIs were included. More than half of the patients, 59% 
(17/29) were referred from other hospitals. Patient characteristics are shown 
in table 6. NSTI was correctly diagnosed in only 36% of the patients during 
their stay in the emergency department (ED). The most prevalent bacterium 
was S. pyogenes, diagnosed in 41% while aerobic or anaerobic enteric 
bacteria were fond in 34% of the patients. S. pyogenes was more common 
among transferred patients (53%) compared with directly admitted patients 
(25%). Treatments, timing of treatments, and outcome are shown in Table 7. 
All patients were treated with antibiotics and surgical debridement. Among 
the transferred patients 88% were surgically debrided before transportation. 
HBO was used in 86% and IVIG was given to 52% of the patients. For the 12 
patients with confirmed S. pyogenes infection, IVIG was given to 83%. There 
was a high usage of advanced intensive care therapies: mechanical ventilation 
in 83%, vasopressors and inotropes in 90%, and renal replacement therapy in 
24% of the patients. The median times from arriving in the ED to key 
interventions were five hours for first dose of antibiotics, 12 hours to ICU 
admission, and 16 hours for primary surgery. The overall 30-day mortality 
was 14% and amputations were performed in 24% of the patients. 
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Table 6. Baseline characteristics of all patients and by admission source. 

All patients 

(n=29) 

Emergency dep. 
SUH/E 
 (n=12) 

Inter-hospital 
transfer 
(n=17) 

Age – years,  
median (IQR) 

54 (40-64) 58 (49-69) 52 (36-62) 

Male, 
– % (no/total no.) 

69% (20/29) 75% (9/12) 65% (11/17) 

Number of chronic morbidity  
– % (no/total no.)

Cardiovascular disease excl. 
hypertension

14% (4/29) 25% (3/12) 6% (1/17) 

Diabetes mellitus 14% (4/29) 8% (1/12) 18% (3/17) 
Malignancy 10% (3/29) 8% (1/12) 12% (2/17) 
Immunosuppression 14% (4/29) 17% (2/12) 6% (1/17) 
Intravenous drug abuse 10% (3/29) 25% (3/12) 0 
Alcohol abuse 7% (2/29) 17% (2/12) 0 

Time from onset of sympt. to hospital,  
– days, median (IQR)

3 (1-3) 3 (2-4) 2 (0-3) 

SBP in ED 
– mmHg, median (IQR)

115 (94-134) 115 (91-138) 115 (98-134) 

SBP in ED < 90 mmHg,  
% (no./total no.) 

23% (6/26) 25% (3/12) 18% (3/14) 

LRINEC score in ED,  
median (IQR) 

8 (6-9) 8,5 (6,5-10) 7 (6-9) 

LRINEC score in ED >6  
– % (no./total no.) 

92% (22/24) 100% (12/12) 86% (12/14) 

APACHE 2 at ICU SUH/E,  
median (IQR) 

17 (11-23) 17,5 (12-28) 16,5 9-23) 

SUH/E Sahlgrenska University Hospital/East; IQR, inter-quartile range; ED, emergency department; LRINEC score, the 
laboratory risk indicator for necrotising fasciitis score; APACHE 2, acute physiology and chronic health evaluation 2; ICU, 
intensive care unit; SBP, systolic blood pressure 

The 30-day mortality was 25% for directly admitted patients and 6% for 
patients transferred from other hospitals. The difference was not statistically 
significant. Patients who died, were older, had a higher prevalence of co-
morbidities and a significantly higher APACHE-2 score, as compared to 
survivors. We did not find any difference in 30-day mortality or amputation 
rate related to appropriateness of diagnoses in the ED despite that patients 
with early NSTI-diagnosis were treated more promptly, with shorter times to 
antibiotics and primary surgery. 

Discussion 
The 14% mortality and 24% amputation rate in this study compares well to 
other published case series. NSTIs are uncommon infections with complex 
treatment requirements and it is therefore common to centralize the care of 
these patients to large centres with sufficient experience and skills. The 
drawbacks of transfers are the risks inherent in the transport of critically ill 
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Table 7. Treatment provided, timing of key interventions and outcome for all study 
patients and by admission source. 

All patients 
(n=29) 

Emergency 
department, SUH/E 

(n=12) 

Inter-hospital 
transfer 
(n=17) 

Treatment – % (no./total no.) 
    Surgery  100% (29/29) 100% (12/12) 100% (17/17) 
    Vasopressors or inotropes 90% (26/29) 91% (11/12) 88% (15/17) 
    Mechanical ventilation 83% (24/29) 83% (10/12) 82% (14/17) 
    Dialyss 24% (7/29) 17% (2/12) 29% (5/17) 
    Intravenous immunoglobulin 52% (15/29) 33% (4/12) 65% (11/17) 
    Hyperbaric oxygen 86% (25/29) 92% (11/12) 82% (14/17) 
Number of operations, median (IQR) 5 (4-10) 4 (3-9) 7 (4-11) 
Number of HBO sessions, median (IQR) 5 (4-8) 4 (3-5) 5 (4-8) 
Time# from arrival at ED to key interventions 
– hours, median (IQR)
    First dose of antibiotics  5 (2-10) 7 (5-11) 5 (2-12) 
    Intensive care unit admission  12 (6-35) 12 (8-39) 7 (6-35) 
    First surgery  16 (6-31) 14 (6-32) 16 (8-30) 
    First hyperbaric oxygen session 38 (22-60) 32 (11-51) 46 (25-64) 
Outcome 
    Days on mech. ventilation, median (IQR) 10 (4-14)  10 (4-14) 10 (4-28) 
    Days in ICU, median (IQR) 12 (4-20) 13 (4-21) 12 (4-25) 
    Days in hospital, median (IQR) 33 (16-62) 26 (15-62) 36 (22-85) 
    30-day mortality –% (no./total no.) 14% (4/29) 25% (3/12) 6% (1/17) 
    90-day mortality – % (no./total no.) 21% (6/29) 33% (4/12) 12% (2/17) 
    Amputation – % (no./total no.) 24% (7/29) 33% (4/12) 18% (3/17) 
    Adverse outcome*– % (no./total no.) 34% (10/29) 42% (5/12) 24% (4/17) 
*Adverse outcome defined as mortality within 30 days or amputation
# Relevant time reports could be retrieved for 13 of the 17 patients transferred from other hospitals
SUH/E, Sahlgrenska University Hospital/East; IQR, inter-quartile range; HBO, hyperbaric oxygen; ED, emergency 
department; ICU, intensive care unit; n.a. not applicable 

patients and the potential for delay in primary surgery. Two recently 
published studies identify the inter-hospital transfer of patients with NSTIs as 
an independent risk factor for mortality [154, 155]. Both these studies are, 
however, based on administrative databases only and do not contain any 
information concerning baseline patient characteristics or details in the 
provided therapy. It is therefore not possible to evaluate whether the observed 
differences in relation to transfer status can be attributed to transfer as such or 
to uncontrolled co-variation in baseline characteristics and/or severity of 
disease. There might also have been a selection of more severe and 
complicated cases among the transfers. Another important factor to notice is 
that in one of these studies all the transferred patients had their first surgical 
debridement after transportation [155]. The study does not provide data 
concerning the timing of surgery but most likely there was a significant delay 
of primary surgery in the transferred group. In our cohort, 88% of transferred 
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patients had their first operation before transportation and the median 
transport time was less than one hour. Even if our material with just 29 
individuals is to small to allow for a definitive judgement, and taking into 
account the possibility for a selection bias favouring survival for patients 
transferred from other hospitals, we still think that the excellent results for 
transferred patients is to the advantage of our regional model with centralized 
care of patients with severe NSTIs. 

The majority of our cases (68%) were not identified as NSTIs during their 
stay at the ED. Incorrect diagnosis in the ED was a strong determinant when 
it came to delays in initiation of antibiotic treatment and primary surgery. The 
difficulties associated with diagnosing NSTIs are well known, as the physical 
findings can be diffuse and non-specific at an early stage of the disease. In 
our study, the retrospectively calculated LRINEC score was on or above the 
diagnostic cut-off for NSTIs (≥ 6) in 92% (22/24) of the patients. The 
LRINEC score could be calculated for six of the eight cases that were 
mistaken for superficial skin infections in the ED and they all had a score of 
≥ 6. This suggests that use of the LRINEC-score potentially could have 
speeded up diagnosis and start of therapy in those cases. However, the overall 
rarity of NSTIs makes the feasibility of LRINEC-scoring as a diagnostic aid 
in the ED questionable. From a broader perspective, it might therefore be of 
greater value if all severely ill patients with suspected infections, upon arrival 
at the ED, were systematically assessed for physical signs and laboratory 
markers indicating severe infection and consequently given prompt antibiotic 
treatment, immediate evaluation of the need for surgical source control and 
appropriate levels of monitoring and support for failing organs. 
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5 CONCLUSIONS 

• Treatment with β-lactam antibiotics in 8-hour dosing
intervals in acute bacterial meningitis resulted in high
survival.

• Broad range PCR used in CSF is highly sensitive for the
detection of bacteria in acute bacterial meningitis in samples
taken up to one week into antibiotic therapy. ICT is also a
highly sensitive diagnostic method for the detection of S.
pneumoniae in CSF samples taken during the first week of
treatment.

• During the 2009–2010 influenza A (H1N1) pandemic, 136
patients were admitted to Swedish ICUs because of severe
respiratory symptoms. Our study of 126 of these patients
identified obesity, chronic pulmonary disease, and diabetes
as risk factors for intensive care. The use of NIV was not
associated with improved outcomes compared with
immediate invasive ventilation.

• 29 patients with NSTIs were treated at Sahlgrenska
University Hospital/East during the period 2008 to 2011. S.
pyogenes was the predominant bacterium, detected in 41%.
The 30-day mortality was 14% and the incidence of
amputation 24%. Inter-hospital transfer was not associated
with a delay in key interventions and could not be identified
as a risk factor for adverse outcome.
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FUTURE PERSPECTIVES 

Regarding ABM, there is a need for more research focusing on methods to 
control inflammation and thereby counteract oedema formation, elevated 
ICP, and cell death. β-lactam antibiotics kill bacteria by rupturing their cell 
walls, resulting in an abrupt release of sub capsular bacterial components that 
cause a peek in the release of inflammatory mediators. Animal experiments 
have shown that ABM treatment with non-bacteriolytic antibiotics such as 
rifampicin, daptomycin, and moxifloxacin cause less inflammation and, in 
some studies, higher survival compared to standard treatment with β-lactam 
antibiotics [31]. There is a potential role for directly acting immuno-
modulatory drugs other than corticosteroids. Granulocytes release many of 
the mediators responsible for the local inflammation. Roscovitine is a 
substance that can induce apoptosis of granulocytes. In a mouse model of 
pneumococcal meningitis, adjuvant treatment with roscovitine was associated 
with reduced mortality and reduced neuronal damage in brain histopathology 
[33].  

The currently most used influenza drugs, zanamivir and oseltamivir, have a 
limited protective effect and virus strains resistant to these drugs occur 
sporadically. There is therefore a need for new and more potent treatment 
options. One possibility is to combine drugs with different mechanisms of 
action. The combination of amantadine, oseltamivir, and ribavirin has shown 
synergistic effects in vitro and trends towards better outcome in severe cases 
of pandemic influenza A (H1N1) [184] and is currently being tested in a 
randomized controlled trial (NCT01227967).  

Recent research has characterized several monoclonal antibodies that 
efficiently neutralize influenza viruses. Some of these antibodies are directed 
towards the highly conserved stem region of hemagglutinin that is shared 
among several different subtypes of influenza A viruses. There are 
furthermore defined antibodies with universal activity towards all influenza A 
subtypes as well as toward the two varieties of influenza B. These discoveries 
can hopefully give rise to monoclonal antibody preparations for therapeutic 
use and moreover new possibilities for future construction of universally 
active influenza vaccines [185]. As for ABM, another option for treatment of 
severe influenza pneumonitis would theoretically be to modulate the host 
inflammatory response. Our understanding of the heterogeneity and 
dynamics of immune responses in serious human influenza disease is still 
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very limited. Further investigation in these complicated mechanisms is 
therefore needed.   

A large proportion of the costs and general resources currently used in the 
treatment of NSTIs are of uncertain value. We still do not know if HBO 
improves patient survival and we also do not know if IVIG improves 
outcome in severe infections with S. pyogenes. Both of these treatments need 
to be evaluated in sufficiently powered randomized clinical trials. 
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