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Abstract

A highly infectious disease (HID) that is transmissible from person to person causes life-threatening illness and presents a serious hazard

in the healthcare setting and in the community that requires specific control measures. Due to environmental factors, changes in life-

style and many other unknown factors, the emergence of such HIDs is becoming more and more likely. As has already been demon-

strated during the SARS outbreak, healthcare facilities are likely to be the origin of future HID outbreaks. Preparedness planning will be

essential in helping facilities manage future outbreaks of emerging or resurgent infectious diseases. Guidelines have been developed by

national and international institutions. To avoid contamination of healthcare workers, the care of HID patients should follow the same

infection control rules that are applied to laboratory workers exposed to similar agents. Here, the current knowledge concerning the

clinical care of patients with HIDs is reviewed, and specific aspects of the management of such diseases are introduced.
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Introduction

During recent decades, many new and re-emerging diseases

have threatened public health and have posed new challenges

to infectious disease specialists worldwide. The expansion of

the human population results in a greater proximity to the

habitat of wildlife, and a massive urbanization process, both

of which facilitate the emergence of new zoonoses and the

rapid spread of communicable diseases among humans. Tra-

velling throughout the world in a few hours has become

increasingly frequent. This leads to a new epidemiological

situation where the risk of worldwide contagion is more and

more present, while the preparedness of hospitals in the face

of this situation is still at an early stage of development [26].

Imported highly infectious diseases (HIDs) such as Lassa

fever [19] and other haemorrhagic fever viruses, have been

reported many times in the literature but have seldom been

at the origin of an outbreak, except for SARS. Experience

shows that the recognition and isolation of a new infectious

agent is often followed by reports of a laboratory-acquired

infection caused by the new isolate [24]. Among class 3 and

4 agents, laboratory-associated infections have been reported

with the agents of epidemic typhus [50], murine typhus [48],

Q fever [18], tularaemia [23], pulmonary plague [9], Lassa

fever [25], Rocky Mountain Spotted fever [33], melioidosis

[38], and with Herpes B virus simiae [16], Hantaan virus

[20,24], tick borne encephalitis virus [46], sabia virus [6],

West Nile virus [1,2], and vaccine [28]. More recently SARS

coronavirus (CoV) was laboratory acquired [27], raising con-

cern with respect to biosafety [32]. Although laboratories

that handled class 3 and 4 agents should comply with biosaf-

ety regulations, laboratory leakage may occur at any time

when working with a known agent, but also when attempting

to isolate an unknown infectious agent such as a mimivirus

[37]. Infection of a single laboratory worker with a highly

infectious agent is likely to be at the origin of an outbreak,

especially if the agent has the capability of human-to-human

transmission such as happened with the SARS CoV [27].

Terrorist attacks using biological agents are a substantial

threat to the safety, health and security of citizens. As the

2001 anthrax attacks illustrated, only a small amount of agent

is required to have a tremendous impact in terms of morbid-

ity, cost, and mental health [30]. These consequences would

probably have been exponentially greater if the terrorists

had utilized an agent that causes a communicable disease,

because this could have resulted in the rapid spread of sec-

ondary infection [30]. As a consequence, preparedness will

be essential in the management of future outbreaks, and net-

working is an essential approach for success (see Ippolito

et al. in this issue).
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A number of definitions will be useful in preparing readers

for this special section concerning Europe’s preparedness to

face HIDs.

A highly infectious disease (HID), which is transmissible from

person to person, causes a life-threatening illness and presents

a serious hazard in healthcare settings and in the community,

requiring specific control measures [7]. The agents responsible

for these diseases are class 3 and 4 agents as defined by the

CDC in the 5th edition of the Biosafety in Microbiological and

Biomedical Laboratories (BMBL) manual [45].

A highly infectious disease isolation unit (HLIU) is a ‘health-

care facility specifically designed to provide safe, secure,

high-quality and appropriate care, with optimal infection con-

tainment and infection prevention and control procedures

for a single patient or small number of patients who have, or

who may have, a highly infectious disease’ [7].

Levels of biosecurity were first defined for the laboratory

according to the assessed risk of transmission to humans

and the possible threat. Infectious agents classified as class 2

must be handled at Bio Safety Level (BSL) 2, as must class 3

agents at BSL 3 and class 4 agents at BSL 4 laboratories. To

asses this level of biosecurity, guidelines have been drawn up

by the CDC in the 5th edition of the BMBL manual [45] and

by the WHO in the 2nd edition of the Laboratory Safety

manual [47]. Considering the fact that, in some situations,

such as cough, the inoculums spread by the patient to whom

the employees are exposed are likely to be equivalent to

those encountered by a laboratory worker when handling

specimens, the care of such patients should be undertaken in

BSL 3 or 4 wards to ensure the same level of protection and

security for healthcare workers (HCWs) as that for labora-

tory workers exposed to the same agent. Situations that

indicate the use of such a HLIU are those in which class 3

or 4 agents are suspected to be at the origin of the disease.

This is obviously also based upon the capability of the agent

to achieve human-to-human transmission, and the availability

of primary or secondary prophylaxis such as vaccines of

effective antimicrobial therapy. The risk group classification

of infectious agents for laboratory practice [4,45] does not

correspond precisely to the risk group classification for clini-

cal practice, and recommendations for a minimum isolation

level of the patient in the healthcare setting will be published

elsewhere [8].

Concerning the isolation room and ward for care of HID

patients, a BSL 3 ward is defined as a ward fulfilling the

criteria of a BSL 3 level laboratory [45,49]. Briefly, it is a

negative pressure ward with an anteroom and single-bed

rooms. The air is high efficiency particulate air (HEPA) fil-

tered and expelled outside; the intake is HEPA filtered; the

number of air changes is at least 12 per hour (depending on

national law); and depressurization is monitored by an audi-

ble and visual device as recommended by the American Insti-

tute of Architects [5] and described in the Health Care

facility design resource manual published by the Phoenix

Controls corporation [35] (Fig. 1). Although no specific pres-

sure differential is required by the BMBL, a common differen-

tial used in BSL 3 laboratories and which should be applied

to wards within the same context is approximately 0.05 WC

(12.45 Pa). However, some biosafety manuals, such as the

3rd edition of the Laboratory Biosafety Guidelines (Health

Canada, Ottawa), recommend a differential of ±25 Pa [3].

In this particular setting, the access for a patient into the

HLIU should be different from that of HCWs and other

patients. A BSL 4 ward is a BSL 3 ward built separately from

other patients’ facilities, for which the air filtration should be

double HEPA filtered. A double door pass through autoclave

is mandatory. All entering employees must completely

change clothing, and before leaving they should shower

before putting their street clothing on [45,49]. All effluents

should be decontaminated. A framework for the design and

operation of an HLIU has been recently released by the Eur-

opean Network of Infectious Diseases [7]. Negative-pressure

plastic isolators for patients with dangerous infections have

been envisaged since the early 1980s. The ‘isolator system’

was set up in an attempt to treat patients with suspected

haemorrhagic fever [43] and some are still in use (see Fusco

et al. in this issue). Since the SARS epidemic, several other

ambulatory concept isolation rooms with HEPA filtration

units have become commercially available.

Management of Suspected HID Patients

Respiratory hygiene and the ‘cough etiquette’

Based on studies of SARS transmission, it appears that mea-

sures designed to control respiratory droplets and secre-

tions, along with hand hygiene, would offer significant

protection for other patients and HCWs who have close

contact with source patients [10,40]. Given the challenge of

recognizing early cases of HID, and considering the potential

spread of respiratory infections in healthcare settings, a

broader strategy to prevent healthcare-associated transmis-

sion of respiratory illnesses has been suggested. The CDC

healthcare facility guidelines describe a new approach to

managing patients with febrile respiratory illness, which has

been termed ‘respiratory hygiene/cough etiquette’. Patients

with cough and fever should be encouraged to report symp-

toms at admission [10]. Patients with fever and cough should

be asked to separate themselves from other patients in the

waiting area, to wear a surgical mask, and to disinfect their
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hands. Signs concerning ‘etiquette’ should be posted in the

waiting areas to promote these measures and educate both

the patients and the HCWs. These patients should be exam-

ined and evaluated as soon as possible by the emergency staff

in a single room. The emergency staff should wear at least

FFP1 or 2 (N95) personal protective mask, gown and gloves.

Chest X-ray should be performed separately from other

patients by HWCs wearing mask and gloves as described

above. When pneumonia is diagnosed upon chest X-ray, a

systematic examination of sputum for Alcohol addiction resis-

tant should be undertaken. The transfer of a patient to the

infectious diseases ward or other ward should be done by an

employee protected with a mask, and the patient should be

isolated in a single room with droplet precaution; this isola-

tion must be maintained until the diagnosis is established.

There are three situations in which a patient would need

to be admitted into an HLIU. The first involves a patient

returning from abroad where an epidemic due to a yet-

unknown contagious agent, or due to known class 3 or 4

agents such as SARS CoV, is ongoing. In this context, inter-

national surveillance of emerging infectious diseases and out-

breaks is mandatory, and is being organized in Europe and

throughout the world. Epidemic intelligence encompasses all

activities related to early identification of potential health

hazards to further establish a risk assessment (see Arias

Bohigas et al. in this issue). The second situation involves a

laboratory worker contaminated during duty in a registered

BL 3 or 4 laboratory [27,39], and the third involves a single

patient or several patients who have been contaminated by

intentionally released class 3 or 4 agents (i.e. bioterrorism).

It is likely that if an outbreak of human-to-human transmissi-

ble disease begins in one country, that country may miss the

first case. This emphasizes the importance of routine respira-

tory and hand hygiene in the healthcare setting, and of man-

datory surveillance of healthcare personnel [29].

Admission to the emergency department

In most instances, a patient suspected to be infected with a

highly contagious agent, such as SARS Co-V, would be

referred to the emergency department (ED) of a general

hospital until a suitable network for the care of such patients

is effectively established at a national level. Thus, the EDs of

all hospitals should be prepared for such an event, and both

training and an infrastructure should be available [29]. These

patients are usually referred by general practitioners for a

suspected HID. If they correspond to the case definition

FIG. 1. Example of an airborne isolation room with protective environment (anteroom positive pressure to corridor) as described in reference [35].
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they should be directly placed in an HLIU or in isolation

rooms (IR) of the ED, if available, until a firm diagnosis is

made and the suspected HID is ruled out. During admission

to the ED, the patient should avoid any contact with other

patients and unprotected HCWs, meaning that direct access

from outside to the IR or the HLIU is necessary [42]. IRs in

the ED should be at least BSL 2 level, preferably upgraded to

BSL 3, with an independent negative pressure air system if

possible (Fig. 1). While general respiratory hygiene rules

(‘cough etiquette’) apply to every ED of each general hospi-

tal, IRs or HLIUs might apply to referral hospitals, only as

HID patients are referred. A patient with a possible or con-

firmed HID, if not admitted directly to a HLIU, should be

transferred from the IR of the ED to the HLIU in a secured

manner by using, if possible, safe isolator transportation

systems [17] (see Schilling et al. in this issue) .

Diagnosis laboratory

To reduce the risk of transmission to HCWs, patient sampling

should be done in the IR at the ED or directly in the HLIU,

depending on the availability of facilities. It is important to

remember that the first aetiology of fever in a traveller from a

tropical region is malaria and that this diagnosis is far more

likely than that of an emerging HID. All diagnostic tests should

be carried out, if possible, in a BSL 3/4 laboratory, including

routine haematology and clinical chemistry as well as blood

film for malaria. The BSL 3/4 diagnostic laboratory should be

located as near as possible to the HLIU, to avoid unnecessary

transportation [7]. Even if the use of an auto-analyser might be

safe for sample analysis, handling of a sample suspected to be

highly contagious, such as Ebola virus-contaminated blood,

cannot be done safely in a routine laboratory. An alternative is

that routine testing is done in the HLIU at the patient’s bed-

side. Consequently, related research and the development of

bedside or point-of-care diagnostic testing models are manda-

tory. This is one of the objectives of the European network of

BSL 3/4 laboratories, which develops, standardizes and orga-

nizes quality assurance exercises for new diagnostic assays

(see Ippolito et al. in this issue).

Hospitalization in the HLIU

Among the existing HLIUs, some are revertible (i.e. BSL 3

wards that are routinely used as infectious diseases wards

but which can be rapidly converted to a BSL 3 ward); others

are dedicated to such situations (see Fusco et al. in this

issue) (Fig. 2). The number of HLIUs required per country

has been suggested to be a number sufficient to allow trans-

portation of specimens or patients within 6 h [7]. The HLIU

should preferably be located alongside a tertiary (specialist

referral) hospital. It would, preferably, be a stand-alone

structure [7] with engineering and operational protocols

appropriate for positioning within a multi-storey building.

The current philosophy of the HLIU is that infection control

should take precedence over all other aspects of care, and

that care of HID patients should be provided in the HLIU

only (see Fusco et al. in this issue). Radiography should be

provided at bedside to avoid transportation of the patient

[11,14], and interpreted using a picture archiving communica-

tion system if available [42,44]. An ultrasound sonographic

scanner should be specifically designed and kept in the HLIU.

The transducer should be covered with disposable covers

for all patients. The examination should be kept as short as

possible, only as necessary to determine the clinical situation.

Because computed tomography scan or magnetic resonance

imaging is sometimes mandatory for the patient’s survival,

preparations should be made to reconfigure the radiology

department into low- and high-risk areas, to reprogramme

examination, and to identify specific transportation of

patients from the HLIU, using isolation carriers as necessary.

It is strongly recommended to train radiology personnel in

infection control measures.

Paediatric patients

Nosocomial infection has been identified as a major problem

in paediatric wards and compliance with isolation procedures

has to be ensured [13,36]. During the SARS epidemic, the

stringent infection control measures inevitably conflicted with

the usual family-centred nursing practices [21]. However, for

infection control reasons, in cases of HID, family interaction

should be minimized and all children suspected of having HIDs

should be hospitalized in an HLIU. For this reason, HLIUs

should be equipped to care for children and the paediatric

staff must be specifically trained in infection control.

Intensive care

The risk of being infected with SARS CoV among physicians

and nurses who performed or assisted in endotracheal intu-

bation in the ICU has been reported to be approximately 13

times higher than that among those who did not [15]. This

might be explained by the fact that patients admitted to ICUs

are usually severely ill, coinciding with a high viral load and

maximum infectiousness [34]. ICU personnel are conse-

quently exposed to highly pathogenic agents and it is always

prudent to limit opportunities for HCW exposure and to

perform aerosol-generating procedures in an airborne isola-

tion environment. Meticulous infection control measures are

mandatory in the care of such patients. For this reason, cau-

tion should be taken to ensure that ICU rooms are main-

tained with a negative pressure and a minimum of 15

air changes per hour as recommended by the WHO [49].
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The ventilation of IRs is mandatory in the ICU and usually

both negative and positive air pressure are available [31].

Although positive air pressure and HEPA filtration of the

incoming airflow are mandatory for the protection of immu-

nocompromised patients, in settings such as HIDUs the air-

flow pressure should be negative and the airflow exhaust

through HEPA filter should be as recommended for BSL 3

IRs. The European Network for Infectious Diseases recom-

mends that the care of HID patients who require intensive

care should take place in the HLIU if possible [8]. This sug-

gests that HLIUs should be pre-equipped to receive intensive

care support. Moreover, the ICU personnel, as the paediatric

personnel, should be appropriately trained in infection con-

trol in this special setting (eee Bannister et al. in this issue).

HCWs are particularly exposed to high-risk procedures such

as bag-mask ventilation, non-invasive ventilation, endotracheal

intubation, actual or potential circuit disconnections, suction-

ing, tracheotomy and bronchoscopy, with or without

bronchoalveolar lavage. Recommendations for infection con-

trol in patients with HID during special procedures will be

discussed elsewhere [8].

The literature concerning HID, notably SARS, indicates that

there is a need for hospitals to be prepared for this possibility

and that HID isolation units urgently need to be built in

European member state hospitals. The care of HID patients

involves stringent infection control measures and regular

training of personnel. The articles presented in this theme sec-

tion of Clinical Microbiology and Infection review the knowledge

and current European practices in the care of HID patients.
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of thé European Network of Infectious Diseases. Lancet Infect Dis

2009; 9: 45–56.

8. Brouqui P, Puro V, Fusco FM et al. Lancet Infect Dis in press.

9. Burmeister RW, Tigertt WD, Overholt EL. Laboratory-acquired

pneumonie plague. Report of a case and review of previous cases.

Ann Intern Med 1962; 56: 789–800.

10. Center for Disease Control and Prevention (CDC). Respiratory

hygiene/caught etiquette. http://www.cdc.gov/flu/professionals/infection-

control/resphygiene.htm. Altanta, GA: Center for Disease Control

and Prevention (CDC), 2006.

11. Fung CP, Hsieh TL, Tan KH et al. Rapid creation of a temporary

isolation ward for patients with severe acute respiratory syndrome in

Taiwan. Infect Control Hosp Epidemiol 2004; 25: 1026–1032.

12. Haas WH, Breuer T, Pfaff G et al. Imported Lassa fever in Germany:

surveillance and management of contact persons. Clin Infect Dis 2003;

36: 1254–1258.

13. Harris JA. Pediatric nosocomial infections: children are not little

adults. Infect Control Hosp Epidemiol 1997; 18: 739–742.

14. Ho SS, Chan PL, Wong PK et al. Eye of the storm: the roles of a

radiology department in the outbreak of severe acute respiratory

syndrome. AJR Am J Roentgenol 2003; 181: 19–24.

15. Hugonnet S, Pittet D. Transmission of severe acute respiratory syn-

drome in critical care: do we need a change? Am J Respir Crit Care

Med 2004; 169: 1177–1178.

16. Hummeler K, Davidson WL, Henle W, Laboccetta AC, Ruch HG.

Encephalomyelitis due to infection with Herpesvirus simiae (herpes B

virus); a report of two fatal, laboratoryacquired cases. N Engl J Med

1959; 261: 64–68.

17. Ippolito G, Nicastri E, Capobianchi M, Di CA, Petrosillo N, Puro V.

Hospital preparedness and management of patients affected by viral

haemorrhagic fever or smallpox at the Lazzaro Spallanzani Institute,

Italy. Euro Surveill 2005; 10: 36–39.

18. Johnson JE, Kadull PJ. Laboratory-acquired Q fever. A report of fifty

cases. Am J Med 1966; 41: 391–403.

19. Johnson KM, Monath TP. Imported Lassa fever – reexamining the

algorithms. N Engl J Med 1990; 323: 1139–1141.

20. Kawamata J, Yamanouchi T, Dohmae K et al. Control of laboratory

acquired hemorrhagic fever with renal syndrome (HFRS) in Japan.

Lab Anim Sci 1987; 37: 431–436.

21. Koller DF, Nicholas DB, Goldie RS, Gearing R, Selkirk EK. Bowlby

and Robertson revisited: the impact of isolation on hospitalized chil-

dren during SARS. J Dev Behav Pediatr 2006; 27: 134–140.

22. Kruse RH, Puckett WH, Richardson JH. Biological safety cabinetry.

Clin Microbiol Rev 1991; 4: 207–241.

23. Lake GC, Francis E. Six cases of tularemia occurring in laboratory

workers. Public Health Rep 1922; 37: 392–413.

24. Lee HW, Johnson KM. Laboratory-acquired infections with Hantaan

virus, the etiologic agent of Korean hemorrhagic fever. J Infect Dis

1982; 146: 645–651.

25. Leifer E, Gocke DJ, Bourne H. Lassa fever, a new virus disease of

man from West Africa. II. Report of a laboratory-acquired infection

treated with plasma from a person recently recovered from the dis-

ease. Am J Trop Med Hyg 1970; 19: 677–679.

26. Li X, Huang J, Zhang H. An analysis of hospital preparedness capacity

for public health emergency in four regions of China: Beijing, Shan-

dong, Guangxi, and Hainan. BMC Public Health 2008; 8: 319.

27. Lim PL, Kurup A, Gopalakrishna G et al. Laboratory-acquired severe

acute respiratory syndrome. N Engl J Med 2004; 350: 1740–1745.

28. Loeb M, Zando I, Orvidas MC, Bialachowski A, Groves D, Mahoney

J. Laboratory-acquired vaccinia infection. Can Commun Dis Rep 2003;

29: 134–136.

29. Loeb MB. Severe acute respiratory syndrome: preparedness, manage-

ment, and impact. Infect Control Hosp Epidemiol 2004; 25: 1017–1019.

30. Mondy C, Cardenas D, Avila M. The role of an advanced practice

public health nurse in bioterrorism preparedness. Public Health Nurs

2003; 20: 422–431.

31. O’Connell NH, Humphreys H. Intensive care unit design and envir-

onmental factors in the acquisition of infection. J Hosp Infect 2000;

45: 255–262.

32. Orellana C. Laboratory-acquired SARS raises worries on biosafety.

Lancet Infect Dis 2004; 4: 64.

33. Oster CN, Burke DS, Kenyon RH, Ascher MS, Harber P, Pedersen

CE Jr. Laboratory-acquired Rocky Mountain spotted fever. The

hazard of aerosol transmission. N Engl J Med 1977; 297: 859–863.

34. Peiris JS. Severe acute respiratory syndrome (SARS). J Clin Virol 2003;

28: 245–247.

35. Phoenix Control an Honeywell International, Inc. Health care facility

design resourse. http://www.phoenixcontrols.com/. Phoenix Control

Corporation, 2003.

36. Purssell E. Preventing nosocomial infection in paediatric wards. J Clin

Nurs 1996; 5: 313–318.

37. Raoult D, Renesto P, Brouqui P. Laboratory infection of a technician

by mimivirus. Ann Intern Med 2006; 144: 702–703.

38. Schlech WF III, Turchik JB, Westlake RE Jr, Klein GC, Band JD, Wea-

ver RE. Laboratory-acquired infection with Pseudomonas pseudomal-

lei (melioidosis). N Engl J Med 1981; 305: 1133–1135.

39. Senior K. Recent Singapore SARS case a laboratory accident. Lancet

Infect Dis 2003; 3: 679.

40. Seto WH, Tsang D, Yung RW et al. Effectiveness of precautions

against droplets and contact in prevention of nosocomial transmis-

sion of severe acute respiratory syndrome (SARS). Lancet 2003; 361:

1519–1520.

41. Shi Y, Yi Y, Li P et al. Diagnosis of severe acute respiratory syndrome

(SARS) by detection of SARS coronavirus nucleocapsid antibodies in

an antigen-capturing enzyme-linked immunosorbent assay. J Clin Micro-

biol 2003; 41: 5781–5782.

42. Srinivasan A, McDonald LC, Jernigan D et al. Foundations of the severe

acute respiratory syndrome preparedness and response plan for

healthcare facilities. Infect Control Hosp Epidemiol 2004; 25: 1020–1025.

43. Trexler PC, Emond RT, Evans B. Negative-pressure plastic isolator

for patients with dangerous infections. Br Med J 1977; 2: 559–561.

44. Tsou IY, Goh JS, Kaw GJ, Chee TS. Severe acute respiratory syn-

drome: management and reconfiguration of a radiology department

in an infectious disease situation. Radiology 2003; 229: 21–26.

45. U.S. Department of Health and Human Services Center for Diseases

Control and Prevention and National Institutes of Health. Biosafety in

Microbiological and Biomedical Laboratories (BMBL). http://www.cdc.gov/

od/ohs/biosfty/bmbl5/bmbl5toc.htm [5th]. 2007.

46. Avsic-Zupanc T, Poljak M, Maticic M et al. Laboratory acquired tick-

borne meningoencephalitis: characterisation of virus strains. Clin

Diagn Virol 1995; 4: 51–59.

47. WHO, SEARO. Pratical guidelines for infection control in health care facil-

ities. http://www.searo.who.int/LinkFiles/Publications Practicalguidelin-

SEAROpub-41.pdf. 2004.

48. Woo JH, Cho JY, Kim YS et al. A case of laboratory-acquired murine

typhus. Korean J Intern Med 1990; 5: 118–122.

49. World Health Organisation (WHO). Laboratory biosafety manual, 3rd

edn. http://www.who.int/csr/resources/publications/biosafety/WHO

CDS CSR LYO 2004 1l/en/. 2004.

50. Wright LJ, Barker LF, Mickenberg ID, Wolff SM. Laboratory-acquired

typhus fevers. Ann Intern Med 1968; 69: 731–738.

CMI Brouqui Highly infections diseases infection control 705

ª2009 The Authors

Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 700–705


