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Dangerous Infections: 

Your Patient may place YOU at Risk!

I. Introduction


A. We have NOT won the battle against infections: worldwide, of the top 8 killers of newborns and children <5 years of 



age, 6 are infections (WHO stats)



1. Neonatal problems 37% (36% of these deaths are due to sepsis/pneumonia, diarrhea, or tetanus)



2. Pneumonia (19%)



3. Diarrhea (17%)



4. Measles 4%



5. Malaria 3%



6. HIV/AIDS 3%



7. Injuries 3%



8. Other 10%


B. Infections in the public eye



1. SARS: the Asian experience



2. Multiply drug resistant TB



3. Pandemic influenza



4. HIV



5. MRSA



6. Ebola



7. Leprosy, plague 


C. The above infections can all affect children but also affect adults and are thus more likely to be considered and 



recognized as dangerous by caregivers who primarily treat adults.  The three infections considered in this session 



are more common in children than adults and are thus less likely to be considered by non-pediatricians in everyday 



practice: BEWARE!


D. Areas for consideration for each of the infections:



1. How does the organism spread (i. e., what protection should be used)?




a. Airborne




b. Droplet




c. Contact




d. Body fluids





1). Oral/fecal





2). Blood




5. Insect or other vectors



2. How contagious is the organism?



3. How deadly is the agent?



4. Is there a vaccine?



5. Is there prophylactic therapy after exposure (antibiotics, gamma globulin, etc.)?



6. Are some patients unusually susceptible (S/P splenectomy, chronic steroid therapy, known immune deficiency)? 

II. Pertussis


A. Background/incidence



1. A classic "childhood illness" that in fact affects patients of all ages. Bordatella pertussis is a Gram negative 




coccobacillus which flourishes in the respiratory mucosa of its victim; the organism itself does not spread 




systemically, though it produces a number of toxins which may have a more widespread effect.



2. Organism isolated in 1906, and by the 1930s, vaccines were being developed. Widespread pertussis vaccination 




was advocated by the AMA by 1944.



3. A pure human pathogen: there is no animal reservoir, which means that (like smallpox and unlike malaria, 




influenza, and other killers), it could be completely eradicated by a successful public health campaign.



4. Incidence




a. In the pre-vaccine era, incidence in the US was variable, ranging in cyclic fashion from 





100-250/100,000 per year; after introduction of immunization in the 1940s, incidence here fell 





markedly. It is currently said to be about 3-4 per year per 100,000 population in the US, though 





Oregon has had a significantly higher reported rate (15-20/100,000 per year) in the last several years. 




b. The actual incidence is surely much higher in all age groups. Reasons for missed diagnosis:





1). Medical attention not sought (particularly among the uninsured)





2). Diagnosis was not considered by the treating physician (particularly if the patient was an






adult or had a mild case)





3). Diagnostic tests were not accurate or sensitive enough





4). Alternate diagnosis felt to be present (some cases of "SIDS" are actually pertussis; in 






addition, other pathogens such as RSV or influenza may be present concomitantly and are






more likely to be sought on screening tests)




c. Overall, the incidence seems to have been increasing recently. Though the recent increase in reported 





pertussis may be in part due to improved diagnostic tools, many experts also believe there is a real 





increase in incidence of the infection despite use of the vaccine in most of the first world. 




d. Whether the total incidence is increasing or not, the epidemiology has changed in the US. Prior 





to widespread vaccination, 85% of cases were in children 1-9 years old. Now those children 





are largely immune; in 2001-2003, the following case distribution was reported by the CDC:





1). Infants: 23% of cases (and the majority of those were infants <6 months of age, who are at 






much greater risk from pertussis)





2). Children: 1-9 years: 21%





3). Adolescents: 10-19 years: 33%





4). Adults 20 years and greater: 23%




e. Note that adolescents and adults are likely to continue school attendance or employment and 





thus may transmit the infection to others.
4. The international perspective




"In the 1990s Bordatella pertussis caused an estimated 20 to 40 million cases of pertussis 





worldwide and 200,000 to 400,000 deaths each year". Canadian Medical Association Journal,





172(4): 509-515, February, 2005.



5. Possible reasons for resurgence in the Western world




a. Limited duration of immunity from vaccine or even full-blown infection: immunity declines 





after 5-10 years or so. Adolescents and adults have not routinely been given booster doses 





until recently (see below), rendering almost all of them vulnerable. In addition, there have 





been some suggestions that vaccines used in the 1990s were somewhat less effective; the





recipients of those vaccines are now in their teens.




b. Incomplete adherence to vaccination regimens (even in the U. S. where they are available, a





significant number of parents reject vaccination for their children)




c. Failure of diagnosis of infected individuals - who then spread the infection.




d. Aggressive campaigns to limit antibiotic use may have prevented a number of adolescents and





adults from being fortuitously treated with azithromycin for undiagnosed respiratory illnesses





(illnesses which might have been pertussis and could have responded to azithromycin).


B. Clinical aspects



1. Pertussis is spread via the respiratory tree, and it is highly contagious: there is 80-100% transmission to exposed 




individuals with no immunity. Droplet precautions (in addition to standard precautions) must be used 




during management of any patient with possible pertussis: the appropriate protective gear is a face 




mask if one is within 3 feet of the patient.



2. Specific effects of the organism and its toxins




a. Ciliary paralysis and injury to respiratory epithelium




b. Local inflammatory response with mucus production




c. Prolonged cough, with or without whooping or post-tussive emesis is the hallmark of the 





disease (see below); pertussis has rightly been termed the "100 day cough" 



3. Severity of illness varies with age, immune status (previous infection or vaccination as well as overall immune 




competence), and possibly with organism virulence and magnitude of exposure. 



4. Phases of infection




a. Incubation period is usually 6-10 days, though it may be as much as 3 weeks in some patients




b. Catarrhal period





1). Duration is usually 1-2 weeks





2). This phase of infection mimics all other URIs, with rhinorrhea and malaise as well as 






conjunctivitis, mild cough, and low-grade fever.





3). Diagnosis is unlikely in the catarrhal phase, which is regrettable, as it is in this phase that 






the disease is most contagious, and it is also in the catarrhal phase that antibiotic 






administration is most likely to ameliorate the patient's subsequent clinical course.




c. Paroxysmal phase





1). Lasts 1-6 weeks; victim may be contagious for 3 weeks of this phase





2). Characterized by paroxysms of coughing (which may awaken the patient from sleep) 






during which the victim develops air hunger and may become frankly hypoxic. The 






typical whoop is not universally present, particularly in very young or partially immune 






patients, but when present, is a classic indicator of pertussis. 





3). The actual cause of the whoop has not been satisfactorily studied, but it seems likely






to have a significant component of laryngospasm, given that victims are not






stridorous between episodes. Secretions surely exacerbate the airway obstruction.





4). Vomiting is common after an episode of paroxysmal coughing, and it contributes to






dehydration, particularly in the victim of frequent spells which preclude feeding.





5). Apnea or syncope may also follow a severe paroxysmal episode





6). Note that fever is not typical of this phase unless superinfection has developed




d. Convalescent phase





1). Duration may be up to several months





2). During this phase, the acute coughing episodes gradually regress in frequency and severity,






though significant Sx may continue for an extended interval: there is good reason that 






the cough of pertussis is often termed the "hundred days cough"



5. Note that many of the complications of pertussis result from the potentially frequent and very forceful 




coughing spells of the paroxysmal and convalescent phases. Among these are:




a. Dehydration




b. Malnutrition and hypoglycemia may also result in a child with poor reserves, minimal caloric intake, 





and high energy expenditure with coughing. In fact, refractory hypoglycemia has been reported 





in some newborn pertussis victims.




c. Air leaks (pneumothorax, pneumomediastinum, etc.)




d. Subconjunctival or peri-orbital hemorrhages, epistaxis, or even intracranial hemorrhages




e. Rib fractures, back pain




f. Tongue injury (torn frenulum, bitten tongue)




g. Hernias




h. Rectal prolapse




i. Reported adult complications related to forceful coughing





1). Urinary incontinence (primarily in women, especially those > 50 years of age)





2). Carotid artery dissection





3). Herniated disk


C. Diagnosis of pertussis



1. Clinical diagnosis: note that even current diagnostic tests are not foolproof, particularly if screening is 




undertaken late in the course of illness). Negative results DO NOT rule out the possibility of pertussis). 




Clinical diagnostic criteria include cough of >2 weeks' duration without known cause associated with 




one or more of the following additional findings: paroxysmal cough, whoop, or post-tussive emesis. 




During community outbreaks, the clinical definition is liberalized to > 2 weeks of cough.



2. Lab diagnosis




a. PCR on nasal washings or posterior nasal swab (DFA is no longer recommended by the CDC)





1). Currently the most desirable test, both because of results can be available rapidly and






because it may remain positive even when the organism is non-viable and culture






results will be negative. However, PCR testing for pertussis is not well standardized, 






and accuracy varies from lab to lab. False positive and negatives both occur.





2). Use a dacron or rayon swab (cotton can inhibit growth of the organism, and calcium 






alginate can inhibit polymerase chain reaction)





3). Culture should usually be obtained at the same time as the PCR for possible 






subsequent confirmation of the diagnosis(see below).




b. Culture





1). Sputum culture for pertussis may be undertaken and if positive, is the clearest 






indication of pertussis infection. Confirmation via culture of cases identified with






PCR screening is usually recommended up to three weeks after onset of cough.





2). Unfortunately, results are delayed, and the false negative rate is high, as the organism 






is difficult to grow and may no longer be present or viable by the time the patient






presents (particularly if antibiotics have been given or the patient was immunized).





3). Note that sputum should also be cultured for other pathogens, as superinfection is 






common and other pneumonias may require additional therapy.




c. Serology





1). Acute and convalescent sera may be used, but these studies are difficult to obtain in clinical 






practice. In addition, if the patient first presents late in the infection, no acute titer can be 






obtained. (However, there has been some suggestion that a single high titer late in illness may 






be diagnostic in adolescents and adults).





2.). This approach is not useful in clinical management, as the result is delayed; decisions






about antibiotic therapy cannot await the results.




d. Given difficulties with all of the tests, combinations are recommended:





1). Cough present for up to 3 weeks: culture and PCR





2). Cough present for 3-4 weeks: PCR and serology





3). Cough present for > 4 weeks: serology alone (check with the Oregon Health Division)


D. Other findings



1. CBC findings often demonstrate marked lymphocytosis, and the total lymphocyte count may be 




dramatically increased. Indeed, white blood counts over 100,000 (resulting in risk of WBC 




thrombi with increased pulmonary vascular resistance) have been felt to be contributing if not 




primary causes of pulmonary hypertension. Leukopheresis or exchange transfusion have used 




in some of these patients, with mixed results.



2. Chest X-ray may demonstrate perihilar infiltrates with hyperinflation elsewhere, or it may 




demonstrate atelectasis, extensive pneumonia, or air leak such as pneumomediastinum or




pneumothorax. Note that none of these are specific for pertussis.



3. Chemistries may demonstrate hypoglycemia (especially in small infants who have been unable 




to eat) and findings of dehydration, including sodium abnormalities and elevated BUN. 


E. Complications 



1. Pneumonia is a common and serious complication. It may be due to pertussis itself, but it may




also result from overgrowth of other pathogens in the wake of paralyzed cilia, significant




increase in secretions, and damage to respiratory epithelium. Viral pathogens such as RSV,




influenza, or adenovirus have been reported, and a variety of bacterial pathogens (including 




pneumococcus, Pseudomonas, Hemophilus) can also overgrow and result in a potentially fatal 




outcome.



2. Mechanical complications (air leaks, etc, as noted above)



3. Dehydration and/or malnutrition


4. Neurological complications




a. Cause has been debated: hypoxia alone versus hypoxia plus toxic effect. 




b. Seizures and encephalopathy are commoner in young infants (3% and 1% incidence, 





respectively, in infants < 2 months of age) and are associated with higher morality. They 





may result in permanent sequelae among survivors.




c. Note that encephalopathy occurs significantly more commonly in unimmunized victims





than among those who developed pertussis following vaccination.



5. Pulmonary hypertension



a. A severe, potentially life-threatening complication




b. Often associated with marked increase in WBC count



6. Cardiovascular




a. Acute dysrhythmias have been reported in children




b. Adults may develop angina


7. Sleep disturbance on a protracted scale has been a significant source of misery to victims




(mean was 14 nights, but some patients suffered sleep problems for >60 nights)



8. Sweating episodes are common in adults > 30 years.



9. Other sites of infection, including sinusitis and otitis media


F. Variable presentation among different age groups



1. Clinical symptoms




a. Newborns and young infants





1). Note that while there does not appear to be transplacental transmission of pertussis, there






is also no significant transplacental transmission of protection, as most mothers are not 






immune to the disease. Newborns can thus acquire pertussis shortly after birth, at which point 






they are most vulnerable, as they have had no vaccinations or maternal antibodies.





2). In infants, the classic paroxysmal cough and whoop may be absent; newborns and very young 






infants may simply present with signs of URI, including tachypnea and mild (if any) cough as 






well as feeding problems. Apnea, cyanosis, and bradycardia may develop, but in the absence 






of classic whooping, these infants are often assumed to have RSV or other viral infection. 






Note that newborns may also not demonstrate the classical lymphocytosis of pertussis.




b. In adults, the classic picture may be present, but a number of victims instead have atypical





courses with prolonged dry cough which may be attributed to bronchitis or smoker’s 





cough. Adults may not demonstrate the typical CBC abnormalities of pertussis, either. 





These factors add significantly to the risk of underdiagnosis and continued transmission 





of the illness to others. It has been estimated that up to 30% of adults with a cough of





>2 weeks' duration (without any other classic symptoms) in fact have pertussis.



2. Risk of severe complications or mortality




a. Recognized mortality from pertussis is primarily in infants, particularly those who have not yet 





received vaccinations. In the US in 2001-2003 as reported by the CDC:





1). 56 deaths occurred; 51 (91%) were in infants < 6 months, and 42 (75%) were <2 months. 





2). Need for hospitalization: 69% among infants <6 months but only 1% among adolescents





3). Note that there may be significant underestimation of infant deaths due to pertussis, as some of 






the victims may be assumed to have died of SIDS or other causes.





4). Predictors of death from pertussis in a Canadian study were pneumonia and marked 






leukocytosis (>55,000). Infants with seizures or hypoxemia after admission were also 






more likely to die. The only victim > 2 months of age was a 6 month old who had had only 






one pertussis vaccine instead of the three which should have been received by that age.





5). The mortality rate for infants < 6 months in another Canadian study was 1%, while in 






a US study, 0.8% mortality was reported in infants <6 months.





6). Mortality seems to be higher among Hispanics. It is also higher in girls than in boys in






some series.




b. Pulmonary complications including pneumonia, air leak, and/or pulmonary hypertension 





are the commonest causes of death. Neurological complications and acute cardiac arrest 





have been reported in other victims who succumbed to pertussis.




c. Adolescents may occasionally suffer significant complications from pertussis, though death 





from it is rare in this age group.




d. It is possible that pertussis also claims victims among the fragile elderly, in whom screeening for





pertussis unlikely to be undertaken.




e. Other factors which increase the risk of severe or fatal pertussis include cystic fibrosis or other chronic





lung diseases and immunodeficiency.


G. Prevention



1. Vaccination is the best means of preventing this illness, and there is a new vaccine, Tdap, which was




FDA-approved in 2005 and is now recommended for teens and adults up to age 65. This is particularly 




important for healthcare workers. (see appended Oregon Health Division publication). 




a. The new vaccines are acellular and combined with tetanus and diphtheria toxoids: Tdap. 





The concentration of acellular pertussis and diphtheria toxoid is lower in these than in the 





standard infant vaccines. Two are available:





1). Adacel (Sanofi Pasteur): approved for ages 11-64 years





2). Boostrix (GlaxoSmithKline): approved for ages 10-18 years




b. The Tdap vaccine is anticipated to be around 90% effective NEJM 353 (15): 1555-1563, Oct 13, 2005. 




c. Recommendations for the new vaccine:





1). Should replace the Td booster in the vaccination schedule among adolescents 






(or should be given in addition to it among those who have received their Td






dose as scheduled; the extra dose should be spaced at least 2 – and ideally 5 – years






after a previous Td dose).





2). "Healthcare personnel who work in hospitals or ambulatory care settings and have 






direct patient contact should receive a single dose of Tdap as soon as feasible if they 






have not already done so. Those with contact with infants should be top priority".






CD Summary (from Oregon State Public Health), March 7, 2006





3). Should be given to all adolescents and adults who have contact with infants (parents, 






grandparents < 65 years of age, child-care providers, etc.), ideally at least 1 month 






prior to contact





4). Victims who present with dirty wounds should receive Tdap (if available) in place of 






Td if they have not received Tdap previously





5). In the long run, should probably be substituted for tetanus boosters for all adults.





6). Tdap should also be given to close contacts of pertussis victims if the contacts are over 11 years 






of age and have not had Tdap (assuming they have no contraindications to it).





7). Special consideration has been given to vaccinating pregnant women in order to enhance passive 






immunity of their babies in the months before infant vaccination can be undertaken. However, 






this has not been studied and is not an official current recommendation.





8). Contraindications to Tdap






a). History of prior anaphylaxis to components






b). Encephalopathy without diagnosed alternate cause within 7 days after a prior







pertussis vaccine






c). Guillain-Barrè syndrome within 6 weeks of a prior vaccine containing tetanus 







toxoid (note that there is no acellular pertussis vaccine available which does not 







contain tetanus toxoid)






d). Other (moderate or severe illness at the time of proposed vaccination, unstable







CNS problem, history of sensitivity to tetanus toxoid)




d. DTap is/SHOULD BE available to MEDICAL CAREGIVERS in theIR 





employee health departmentS.


2. Personal protective equipment: MASK whenever you care for a patient with possible pertussis. This isolation




should be continued for FIVE DAYS after antibiotics are started or for 21 days after the onset of symptoms




in the untreated patient.



3. Prophylactic antibiotics (a five day course of azithromycin) are recommended for some "close contacts" of a 




pertussis victim. Criteria for close contact include face-to-face exposure within 3 feet of the ill patient, 




direct contact with respiratory, oral, or nasal secretions, or sharing a confined space in close proximity 




for (1 hour. PERTUSSIS SHOULD BE REPORTED TO THE HEALTH DEPARTMENT, and health




department personnel can assist with decisions about prophylaxis. They may also recommend accelerated 




immunization for young infants at high risk of severe disease.




a. While there is debate about whether all household contacts require prophylaxis, there is agreement





that those who are personally at risk for a severe case or those who care for young infants should





receive prophylaxis, as should pregnant women in the third trimester who might transmit the disease 





to their infants after the birth.




b. Healthcare workers should receive prophylaxis if they are inadvertently exposed, as the consequences





to vulnerable patients could be severe if medical caregivers develop active disease. (There have been 





outbreaks of pertussis in hospitals and even in nurseries!)


H. Treatment (in brief; this is not a focus of this lecture)



1. Antibiotic therapy




a. Azithromycin is the treatment of choice. Dose:





1). Infants 5 months or younger: 10 mg/kg/day x 5 days





2). Patients > 5 months: 10 mg/kg x 1 (to maximum 500 mg) followed by 5 mg/kg 






per day (to maximum 250 mg) x 4 days




b. Trimethoprim/sulfa is used for patients who cannot be given macrolide antibiotics. 





1). Note that the treatment interval is longer: 4/20 mg/kg per dose of TMP/SMX to 






maximum dose of 160 mg of TMP and 800 mg of SMX; bid x 14 days (28 doses)





2). Contraindicated in infants < 2 months, pregnant women at term, or nursing mothers




c. Note that young infants who present with severe illness (R/O sepsis or pneumonia) in 





whom the diagnosis is not suspected will not likely receive effective empiric 





antibiotics; ampicillin and gentamicin or a cephalosporin will be of no benefit to a 





pertussis victim.




d. An unfortunate feature of pertussis is that antibiotic therapy may not improve the victim's





clinical course if it is not started early (ideally in the catarrhal phase), when the 





diagnosis is unlikely to be suspected. Therapy is nonetheless essential for limiting the





interval in which the disease is transmissible to others.



2. Supportive care




a. Oxygen, pulse oximetry




b. Suction techniques




c. NPO/IV fluids/nutritional support (PIC line and HA may be needed)




d. Intubation not usually needed but may be indicated




e. Extreme measures: exchange transfusion, leukopheresis, ECMO (note that even ECMO





usually fails: mortality in the ELSO database was 70.5%)



3. Unproven therapy




a. Steroids 





1). Systemic steroids are not standard therapy, though some experts recommend them.





2). Inhaled steroids are thought by some to ameliorate the paroxysmal coughing spells.




b. Symptomatic treatments for spells: none of these is proven or routinely recommended





1). Bronchodilators?





2). Cough suppressants?





3). Antihistamines?





4). Sedation?





5). Nebulized lidocaine or morphine?




c. Pertussis immune globulin has been recommended by some but is not demonstrably effective.

III. Meningococcus


A. Background/incidence



1. Neisseria meningitidis ("meningococcus" - an unfortunate nickname, since many victims of fatal Neisseria 




infection have only sepsis and shock without meningeal involvement) is one of the most feared pathogens 




because of its ability to cause overwhelming illness which progresses rapidly to death. Survivors of 




purpura fulminans may suffer devastating permanent sequelae. The occurrence may be sporadic, but there 




are also intermittent epidemics of meningococcal disease. These are especially common in the third world, 




especially the "meningitis belt" across sub-Saharan Africa, but they also have occurred in Europe, 




North America, and Australia/New Zealand.



2. Oregon and the Pacific Northwest was a "hot spot" for meningococcal disease




in the 1990s, and though the incidence has decreased, we still see about three times the incidence




reported elsewhere in the US.


B. Clinical aspects



1. Manifestations of meningococcus are highly variable, ranging from:




a. Asymptomatic nasal carriage




b. Bacteremia with fever and (often) some petechiae but no overwhelming symptoms




c. Septic shock, which may be rapidly progressive and overwhelming; many of these victims develop





purpura fulminans.




d. Meningitis without shock




e. Meningitis PLUS septic shock




f. Chronic meningococcemia



2. Meningococcal infection is spread in droplet fashion, and, except during epidemics, the asymptomatic carriers 




are the usual source of invasive disease in the unfortunate victims. 



3. Factors which lead some patients to develop invasive disease (and those which determine whether septic shock




or meningitis without shock develop) are not fully understood. Some of the known factors which increase 




risk of meningococcal disease include:




a. Young age: though meningococcus can infect all ages, the highest frequency is in young children. In US 





statistics, generally 35-40% of cases have been in children <2 years of age, with a rate of about 10 times that 





of the general population in that age group.




b. Crowding/close proximity (e.g., college dorms, military recruit camps, jails, crowded household 





conditions in the third world)




c. Prior infection with influenza or other URI




d. Variable virulence of the strain/lack of prior community exposure to the strain (i.e., lack of herd immunity)




e. Variation in host defenses (complement deficiency, properdin deficiency)




f. Saliva exposure (kissing multiple partners, sharing utensils, cigarettes, water bottles, etc.)




g. Cigarette smoke exposure (it is unclear whether this is an effect of the smoke or a reflection of the fact





that smokers are more likely to be meningococcus carriers)



4. Clinical features of life-threatening meningococcal infection




a. Sepsis





1). Victims of sepsis often begin with non-specific symptoms, including fever, nausea, emesis, malaise,






URI symptoms, headache, and muscle aches. At the beginning of illness, they are often assumed to 






have "the flu". Of note, however, myalgias are often significantly more severe with meningococcus 






than with viral illnesses.





2). Additional symptoms tend to develop rapidly (over hours), including petechial rash, decreased skin






perfusion (pallor, mottling, increased capillary filling time, cold hands and feet), and worsening pain,






especially in the legs. If meningitis is also present, declining consciousness and meningeal signs also 






develop. Tachycardia reflects both fever and shock, and tachypnea often develops as the child 






struggles to hyperventilate in order to compensate for lactic acidosis. Blood pressure may initially be






in the normal range despite clear-cut other signs of shock. Hypotension eventually develops.





3). Meningococcal sepsis can produce overwhelming, irreversible shock, and this is often the cause of 






death in children with severe sepsis; the diagnosis of sepsis should be considered in any febrile child






with clinical shock, even if specific signs of meningococcal infection are absent.





4). Mechanisms of shock in sepsis






a). Hypovolemia results from damage to blood vessels which causes them to "leak" fluid 







and plasma proteins; successful treatment requires that sufficient fluid be kept in the 







vascular space for perfusion of critical organs, and this is the reason patients with septic 







shock require massive volume infusions.






b). Depressed myocardial function on a toxic basis: sepsis is a major exception to the 







usual assumption that myocardial contractility is excellent in children.






c). Alterations of vascular resistance: sepsis tends to result in loss of vascular tone with







consequent peripheral pooling of blood, and clot formation also tends to be triggered, 







leading to diffuse clotting and increased resistance in small vessels.






d). High tissue demands: sepsis results in an extraordinary increase in metabolic rate. 







In addition, most septic children have fever, which also increases metabolic rate.





5). DIC is common, and as noted above, it often contributes to tissue destruction. It also often 






renders lumbar puncture too hazardous to undertake; thus it is often not known for sure 






whether a child with overwhelming septic shock also has meningitis.




b. Meningitis





1). Meningococcal meningitis may develop in the absence of septic shock, and these patients have a 






better prognosis than do those with fullblown shock.





2). As noted above, initial symptoms may be non-specific, but victims of meningitis are likely to progress






to severe headache, stiff neck, declining consciousness, and occasionally seizures. Many will have






petechiae without progression to purpura fulminans.


C. Diagnosis



1. The diagnosis of meningococcal septic shock must be made initially on clinical grounds, as therapy must be initiated 




emergently for this rapidly-progressive disease. Blood (or bone marrow) culture should be obtained when 




vascular access is obtained so that (one hopes), the diagnosis can eventually be confirmed and the serogroup can




be identified. 



2. If meningitis is suspected, lumbar puncture should be considered. However, whether or not it is undertaken, a




blood or bone marrow culture should be obtained, as such a culture will often be positive. Spinal fluid is




likely to be negative if antibiotics are administered prior to the LP, but therapy should not be unacceptably 




delayed in order to obtain CSF. Severe coagulopathy is a contraindication to LP, as an epidural hematoma




could develop and result in paraplegia. Factors which might delay a spinal tap include: need to intubate,




need to obtain head CT prior to LP, lack of MD availability, or need to transport to a tertiary facility.



3. Alternate means of diagnosis include Gram stain and culture of petechial lesions, latex agglutination testing




of urine or CSF, and PCR testing of blood or CSF. However, all of these have deficiencies, so culture




is preferable.



4. Other labs which may be abnormal and suggestive:




a. The WBC may be elevated with a left shift, but in patients with overwhelming illness, it may be





very low with a paucity of granulocytes.




b. Lactic acidosis is present in children with severe shock. Blood gases may show compensatory 





respiratory alkalosis, but as the child worsens, he will lose the ability to hyperventilate. 




c. Elevation of PT, INR, and PTT are common, as is thrombocytopenia.




d. Chemistries may show hyperkalemia and elevated renal functions. Sodium abnormalities may





reflect prior vomiting as well as possible SIADH.


D. Complications/outcome



1. Invasive meningococcal disease has a significant fatality rate, particularly in infants. Overwhelming




septic shock may carry a mortality rate as high as 20%, while meningitis has a 10-15% death risk.



2. Common complications during a PICU stay include ARDS, respiratory failure, and renal failure. Some




children also suffer acute, unusual (for children) rhythm disturbances such as ventricular fibrillation or




ventricular tachycardia.



3. Survivors may suffer significant sequelae.




a. Tissue destruction may be extensive; survivors of this disorder may require multiple amputations, 





skin grafting, and other extremely disfiguring, life-changing interventions.




b. CNS function is often preserved in survivors, but severe CNS hypoxia or ischemia or CNS infection





may result in long-term neurological sequelae.


E. Prevention



1. Vaccination




a. There are two vaccinations for meningococcus. 





1). A quadrivalent polysaccharide vaccine (Menomune = MPSV4) has been available 






for patients with increased risk of meningococcal disease, including young children






over 2 years of age. However, the vaccine does not confer lasting immunity, and is not a 






part of the routine childhood vaccination series.





2). A new, quadrivalent conjugate vaccine (Menactra = MCV4) was released in the US in 






2005 for use in patients >11 years of age. It confers more prolonged protection and is now 






routinely recommended for adolescents as young as 11 years, college students, and both adolescents






and adults who are at increased risk of meningococcal disease (those with immune deficiencies, 






military recruits, travelers to high-risk areas, etc.)





3. Note that neither of the two vaccines conveys protection to serotype B meningococcus, which






has (until recently) been the dominant serotype in the Pacific Northwest. However, 






meningococcus remains common enough here that even if vaccination only prevents disease






from other serotypes, our population will benefit.



2. Personal protection should consist of droplet precautions.




a. Always mask when caring for a patient who might have meningococcus.



b. Be particularly concerned when performing procedures with high risk of contamination (suctioning,





intubation, or, worst of all, mouth-to-mouth ventilation).




c. Droplet precautions must be continued for 24 hours after the onset of antibiotic therapy.



3. Prophylactic antibiotics are recommended for close contacts. These should ideally be given within 24 hours of the




recognition of possible meningococcus infection (before cultures are likely to be positive).




a. Individuals from the household, day-care center, dormitory, military recruitment center, or office who may 





have had direct contact with secretions from the victim or have been in close proximity to the victim for 





more than 8 hours within the previous week should receive antimicrobial prophylaxis.




b. Contacts exposed to oral secretions via kissing, shared utensils or other items, rescue breaths, or close contact





during intubation or ET tube suctioning also merit prophylaxis.




c. Members of the medical team who have failed to wear a mask may not meet official criteria for prophylaxis 





based on proximity or duration of exposure, but understandable paranoia often results in their seeking 





treatment.




d. Antibiotic prophylaxis





1). For adults, the preferred agent is ciprofloxacin 500 mg p. o. x 1 unless there are contraindications such 






as allergy, pregnancy, or breastfeeding, in which case ceftriaxone 250 mg IM x 1 is recommended.





2). Rifampin is the preferred agent for children but can also be used in adults. Recall the side effects of






rifampin such as discoloration of urine/bodily fluids and potential inactivation of birth control pills.






a). Infants <1 month: 5 mg/kg q 12 hours x 4 doses






b). Infants (1 month: 10 mg/kg q 12 hours x 4 doses






c). Adults: 600 mg q 12 hours x 4 doses





3). Ceftriaxone can be used in place of rifampin for children, though the IM route is unpopular. The dose 






for children <15 years is 125 mg.


F. Treatment will not be covered in detail, as it is not the focus of this lecture. However, early measures worth noting are:



1. Respiratory support should be provided immediately. 




a. All patients with septic shock or meningitis have high metabolic rates for which 100% oxygen is appropriate. 




b. Consideration should also be given to ventilatory assistance because:





1). A child in septic shock wastes precious cardiac output on his respiratory muscles if he must struggle to 






maintain compensatory respiratory alkalosis to counteract lactic acidosis.





2). A child with severe septic shock is likely to develop ARDS in the course of fluid resuscitation, and he is






also at risk for sudden dysrhythmias; having his airway secured and respiratory support underway






facilitates management of both those crises.





3). A child with meningitis is likely to have unstable respiratory drive at a time when his increased ICP 






makes hypercarbia dangerous.




c. Intubation is often indicated to assure ongoing ventilation, but it should be undertaken by experienced 





providers after appropriate rapid-sequence medications have been administered. Use of an LMA or even a





bag and mask may be appropriate while arrangements for intubation can be made.




d. If etomidate has been used as an induction agent for intubation, administration of steroid therapy is 





recommended, given the known adrenal suppression of etomidate and the child's risk of adrenal infarction 





as a consequence of septic shock.



2. Antibiotic therapy should be started stat (ideally within 15 minutes of ED arrival - or prior to hospital arrival 




if possible) for septic shock. Any delay (waiting for pharmacy to mix and send the drug, waiting for an LP to be 




done, etc.) will decrease the child's chances for good survival. Cefotaxime in meningitis doses is an appropriate 




agent antibiotic for meningococcus. Though ceftriaxone is often used, this may need to be reconsidered in




light of recently-raised FDA concerns about precipitation when ceftriaxone is given to patients who are also




given calcium - which many patients in septic shock require.



3. Initial cardiac support for septic shock should consist of massive fluid resuscitation; some experts suggest as much 




as 60 mL/kg in the first 15-20 minutes! This requires several sites of vascular access (likely IO!), sufficient staff 




to push fluids by hand, careful selection of the fluid to be given (many of these children require colloid or blood




products), and close monitoring of patient response.



4. Transport to a pediatric intensive care unit should be arranged as soon as possible. Children with septic shock




will require central vascular access, pressors, echo evaluation of cardiac performance and response to pressors, 




ongoing respiratory support, skin and wound management, family support, and multiple other features of




intensive care. Some may benefit from experimental therapy such as protein C or heroic support such as ECMO.




Arranging stat transfer (by helicopter if necessary) is the best means of assuring that children with this 




devastating illness get all the resources they need.

IV. Rotavirus


A. Background/incidence



1. Rotavirus is the primary cause of viral gastroenteritis throughout the world. Nearly 100% of the world's children




suffer at least one episode of rotavirus infection before the age of 5 years. The frequency of infection is highest 




in the interval between 6 months (after maternal antibodies have dissipated) and 2 years of age (when the child's




own antibody levels are higher).



2. Estimated deaths from rotavirus are >600,000 per year, mostly in early childhood and mostly in the third world.



3. In the US, most children don't die of this infection, but they can be seriously ill with dehydration, electrolyte 




abnormalities, or even shock. Those who require ED evaluation or hospitalization for parenteral hydration also 




add significantly to the economic burden of healthcare in this country. It is estimated that half of hospital 




admissions and one third of ED visits for gastroenteritis are due to rotavirus infection.


B. Clinical aspects



1. Symptoms of rotavirus are not specific for this infection; many are also found with other viral, bacterial, or parasitic 




enteritides. These Sx include fever, loss of appetite, malaise, abdominal cramps, headache, and muscle aches in




addition to vomiting and diarrhea. However, the victim's stools are unlikely to contain blood or mucus with




viral illness. Of note, children with rotavirus are likely to be more clinically ill, with vomiting, diarrhea, and




fever than those with other viruses.



2. Rotavirus causes profound watery diarrhea via several mechanisms, including damage to intestinal mucosal cells 




with loss of digestive enzymes, production of an enterotoxin, and activation of the enteric nervous system with 




resultant increase in fluid and salt secretion. 


C. Diagnosis



1. Stool immune based assays such as rotazyme are the most definitive widely-used diagnostic tools; viral culture




for rotavirus is not usually undertaken.



2. Screens for fecal blood (usually absent with rotavirus), mucus (also usually not present), and WBC (usually absent 




or only minimal to moderate) may allow for early suspicion of an alternate pathogen such as Salmonella or




Shigella.



3. Stool cultures are indicated if there is suspicion of bacterial gastroenteritis such as E. coli or Salmonella.


D. Complications



1. Dehydration is the commonest complication and may require hospitalization for parenteral rehydration.



2. Electrolyte imbalances (hypo or hypernatremia as well as hyperchloremic acidosis) may be seen, and too-rapid 




changes in serum sodium concentration may have serious CNS effects.



3. Hypoglycemia may present if a small child has been unable to retain calories for an extended interval.



4. Occasional unfortunate infants will show CNS complications, including seizures and encephalopathy.



5. Severe shock may result in renal failure, CNS injury, and even (mostly in the third world), death.


E. Prevention



1. Vaccination




a. A vaccine which was previously tried (Rotashield) proved effective in preventing moderate or severe illness 





but was withdrawn from use when reports of increased incidence of intussusception arose. 




b. A new vaccine (RotaTeq) has been recently released and is now recommended for infants at ages 2, 4, and 6 





months. It is not recommended beyond the age of 32 weeks, but it is hoped that this will minimize illness





in the children most likely to develop severe disease. In this country, it will decrease suffering as well as





the inconvenience and expense of hospitalization; in the developing world, this vaccine has the potential





to save many lives.


2. Personal protection measures




a. Rotavirus is spread via the fecal-oral route, so protective measures for healthcare workers include use of gowns





and gloves. Of concern, the virus may survive for several hours on human hands and for some days on 





surfaces. This has raised concern about nosocomial transmission via shared toys, and it also raises the 





possibility that healthcare workers may bring the infection home to their young children. There has also 





been some debate about the possibility of respiratory transmission, and use of masks may be prudent 





(particularly if the child is likely to vomit in the caregiver's face).




b. Note that rotavirus can be shed in the stools for an extended interval, so most victims should be isolated





 throughout their hospitalization.



3. Since this is a viral pathogen, there is no antibiotic prophylaxis. Though immunoglobulin with significant titers 




against rotavirus has been used in some study patients, this is not standard therapy.


F. Treatment (in brief)



1. Most children with rotavirus do not require hospitalization. Oral rehydration has been successful in the care of




many of these children. Anti-emetics are sometimes tried; antidiarrheals such as Lomotil are generally NOT




recommended. Use of probiotics such as Lactobacillus may be helpful but is unproven for rotavirus.



2. Hospitalization will be required if the child is dehydrated and unable to tolerate oral rehydration. Standard fluid




therapy in the form of acute boluses followed by slower rehydration with close monitoring of chemistries and




clinical status is appropriate.



3. Severe electrolyte derangements, renal failure, or other serious complications such as CNS abnormalities mandate 




PICU admission.



4. Severely malnourished children should also be given zinc as part of their therapy.

V. Summary


A. Prevention is always best!



1. Vaccination



2. Signs/symptoms suggestive of possible infection of concern (act appropriately when confronting a new patient 




with any of these!)




a. Fever




b. Rash




c. Cough, rhinorrhea, adenopathy




d. Vomiting/diarrhea




e. Altered mental status (R/O meningitis or encephalitis), meningeal signs




f. Shock without other obvious cause (R/O septic shock or myocarditis)



3. Personal protective gear


B. Post-exposure management



1. Employee health services



2. Prophylaxis



3. Treatment

