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 Rickettsia and the  

Non-Malaria Fever Complex  



Malaria  

Declining numbers / Artemisinin resistance 
“last man standing vs. emerging threat” 

“rule out malaria first” 

 

Typhus-like illnesses 

Dengue / Chikungunya  

Scrub typhus / Murine typhus 

Leptospirosis 

JEV / Zika 

Melioidosis 

Typhoid (India / Pakistan / Bangladesh) 

Q fever, Brucellosis 

 
 

“Fever” – “Febrile illnesses” - “Undifferentiated Fever” 
 



Fever – the major complaint … 

… but the cause of most febrile illness episodes 
remains unknown … 

Fever is the most common presentation to medical attention  
in tropical countries 

Sir Wiliam Osler 



The importance of clinical epidemiology… 

To inform control programs 

To inform empirical treatment guidelines  

To inform on diagnostic and treatment algorithms 

To inform which diagnostic tests are clinically useful  

To help identify emerging infectious diseases 

1. To define the disease‘background’  

2. Diagnostic capacity in place ready to detect EIDs 

“Knowing what’s out there ...” 



Mahosot Hospital, Vientiane, Laos 

 
Scrub typhus      63 (15%) 
Leptospirosis     43 (10%) 
Dengue             43 (10%) 
Murine typhus     41  (10%) 
Spotted fever     11  (3%)  
Japanese Encephalitis Virus  10  (3%)  
 
                  Typhus total  28 % 
 

 
 

Blood culture, malaria smear negative fever in adults over 2 years         
(n = 427)  
 

Doxycycline-responsive pathogens  38% 
 

Phongmany et al. EID (2006) 
Phetsouvanh et al. Am J Trop Med Hyg (2006) 

Is this generalisable to the whole of Laos? Of SE Asia? Elsewhere? 
 



Causes of non-malaria fever in Laos 

Mayxay et al, Lancet Glob Health (2013) 

Luang Namtha 
Province 

Salavan 
Province 

2008 - 2010 
Rural Laos: n=1,938 febrile patients admitted, n=799 (41%) w/ diagnosis 
 
Difficulties – serology, endemic background titers (?) 
Only culture, antigen, and nucleic acid detection assays (conservative) 
 
  



Empirical treatment… 

• JEV, typhoid & leptospirosis more 
common in Luang Namtha 

• Malaria & dengue more common in 
Salavan 

Doxycycline may be a cost-effective empirical treatment in those with 
negative malaria and dengue rapid tests! 

Mayxay et al, Lancet Glob Health (2013) 

82% !!! 



Bangladesh Fever study 

Hospitalised, fever <14 days  
n=416 over one full calender year 
 
Rickettsial illness   23 %  
Scrub typhus     16% 
Rickettsia spp.     7% 
 - Murine typhus, SFG, R. felis  
 

 
Use of stringent diagnostic criteria: 
Dg:  PCR / sequencing  

  paired dynamic serology 
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Kingston H et al., EID 2018 



Fever Studies – some thoughts 
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Audy R, “Red mites and Typhus”, 1968 
Wangrangsimakul T et al., PNTD 2018 

Myanmar Laos 

N-Thailand Bangladesh 

Dittrich et al., Lancet GH 2015 
Kingston H et al., EID 2018 



Typhus in SEA 

Thailand  
Malaysia 
Laos 
Vietnam 
Cambodia 
Myanmar  
Bangladesh 
India 
… ?! etc. 
 
 

“Dengue-like illness” 
“Typhus-like illness” 
 
ST and MT (and SFG)  
combined = leading cause of treatable 
undifferentiated febrile illnesses 
 

•  burden 15% ST, 10% MT  
•  urban / rural distribution 
•  incidence 3% pop/mon 
•  seroprevalence 30-50% 
•  reversion to seronegativity 
    approx. 40-50% per year 

Seriously underreported and underestimated … 
Clinical and diagnostic limitations  

Vallee J et al., PNTD, 2010 



Mapping Non-Malaria Febrile Illnesses 

Mapping the Aetiology of Non-Malarial Febrile 
Illness in Southeast Asia 2012 

 
Acestor et al, PLoS ONE, 2012 

Most frequent reported 

diseases/pathogens: 
 

• Dengue 

• Rickettsial infections 

• Leptospirosis 

• Typhoid 

• Melioidosis 

• JEV 

1986 – 2011 
126 studies 



“Typhus-like Illnesses” 

Dengue 
Rickettsioses  
1. scrub typhus (Orientia tsutsugamushi) 
2. murine typhus (Rickettsia typhi) 
3. spotted fever rickettsiosis (SFGR) 

Leptospirosis 
Typhoid 
Uncomplicated Malaria 
Bacterial meningitis  

 
! first rule out malaria -  then consider typhus ! 



“What are Rickettsioses ?!” 



Rickettsia spp.  /  Orientia spp. 

Obligate intracellular bacteria (1um-2um) 

Gram-negative (Orientia – Giemsa/Gimenez) 

Culture in cells (yolk sac / tissue culture) 

Orientia lack peptidoglycan and LPS  

“Budding” from host cell – virus-like 

 Genome (OT largest – RT smallest) 

 

 

R. bellii - Gimenez 

O. tsutsugamushi - budding O. tsutsugamushi – mono/mcp SFG Rickettsia – actin tails 



• Typhus Group 
  - Epidemic louse-borne typhus    R. prowazekii   lice 
  - Endemic flea-bourne / Murine typhus   R. typhi     rat fleas 

• Scrub typhus Group 
  - Scrub typhus / Tsutsugamushi fever  O. tsutsugamushi  mites 

• Spotted Fever Group 
   Worldwide distribution,  

  esp. Europe/Africa/America   Tick-borne Rickettsioses  ticks 

• Transitional Rickettsia (”emerging forms”)   

   R. felis / R. felis-like / R. australis / R. akari     fleas, ticks, mites 
     

• Coxiella / Q-fever            inhalation, ingestion 

• Ehrlichia                ticks 

• Anaplasma               ticks 

• Neorickettsia (sennetsu fever [mononucleosis-like symptoms])  fish 

Rickettsial Diseases 



Delord M  et al. Rickettsioses and Q fever in travelers (2004-2013). Travel Med Infect Dis. 2014;12(5):443-58. 

Rickettsioses in travellers 



Scrub typhus   Murine Typhus 
Orientia tsutsugamushi     Rickettsia typhi 
 

Mites           Fleas 
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Cat flea 
Ctenocephalides felis 
 
Pronotal comb 
 
Eye 
 
Genal comb 

Xsenopsylla cheopis (rat flea) Leptotrombidium mites 



Eschar 
 

Rash  “spotted fever” – “spotless” spotted fever(!) 

   “exanthematic typhus” 
 

“Typhus” -  typhos [smoky, hazy] 
   neurological symptoms  

 

Complications 
1. Meningo-encephalitis  
2. Pneumonitis – ARDS 
3. Acute renal failure  
4. Severe hepatitis 
5. Myocarditis  
6. Coagulopathies – DIC 

Clinical Presentation 

Typhus: Coma – delir - confusion 



Eschars 



Skin Rash 
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Pathogenic mechanisms (Orientia vs. Rickettsia) 
 

Systemic “vasculitis” - vasculopathy 
 

?!!   endothelial infection vs. mononuclear perivascular infiltrates 

 

CD14 H/E CD3 

HLADR 

CD3 



Typhus and Pregnancy 

… how does vasculopathy affect pregnancy / placenta?! 
 

highly under appreciated! 
Less than 100 women with a known pregnancy outcome in 18 years!!! 
Total n= 97 cases ( FUP >=28 weeks gestation) 
 
17% Stillbirths 
42% Poor neonatal outcomes [stillborn / premature / SGA] 
 
no linear trend per trimester (!) 
 
Prospective longitudinal comparison to malaria 
(same study site / period  / SMRU) 
 

Typhus  - preterm  14% - LBW (10)   22% 
Malaria  - preterm    7% - LBW (10)   17% 
 
SGA=small for gestional age 

CD31 
insert CD68 

McGready, et al., Plos NTD (2010) 
McGready, et al., Plos NTD (2014) 



Differential Diagnosis 

“Typhus-like illness” 

• Leptospirosis 

• Murine Typhus 

• Spotted Fever Rickettsiosis 

• Dengue 

• Japanese Encephalitis 

• Typhoid (Salm. Typhi) 

• Bacterial meningitis 

• (Malaria) 
 

 
Typhus: Coma – delir - confusion 



Treatment 

Typhus: Coma – delir - confusion 

 
Caveat: Betalactams and Fluoroquinolones do not work! 

 
Current regimens  
Doxycycline   2x100mg p.os. /d  for 7-10 days 
Azithromycin  500mg p.os./d  for 7-10 days 
 
Chloramphenicol  (seldomly used, but excellent) 
Rifampicin   (not used due to interactions with Doxy and Azithro –  
   hepatic cyt P450 induction reduces plasma levels) 
 
Delayed treatment response : 
If prolonged fever clearance consider Doxy+Azithro combination 
 
Pediatric dosage: 
45kg or less - 2.2 mg/kg p.os./d (given once per day or in 2 divided doses) 
45-60 kg - 100 mg p.os./d (given once per day or in 2 divided doses) 
>60kg and adults 100mg p.os./d (given 2x daily) 
 
Empirical coverage of  typhus, leptospirosis and typhoid: 
Azithromycin 1gr/d for 7 days (UK) 



Untreated mortality 

Taylor AJ et al., 2015, PNTD 
Bonell A et al., 2017, PNTD 

Approx. 6 - 9% 
 

strains / age / vectors (?)  
bacterial virulence (?) 

No data for DALYs, and YLLs and YLDs available!  



Doxycycline 

Doxycycline is not dangerous and its classification misleading; 
• Teratogenicity during pregnancy 
• Permanent tooth-staining (pregnancy / children <8 years) 
• Hepatotoxicity 
• Permanent inhibitory bone growth effects 

 
Doxycycline is safe in early pregnancy (≤25w) possibly throughout pregnancy  
and safe for children at the current dosage regimes !!! 

• if daily dosage is 200mg/day for 14 days 
 
     Poor neonatal outcome vs. consequences of doxycycline side effects 
 
Change of US FDA pregnancy classification to evidence-based approach  

• Clinical treatment trials 
• Adequate evaluation of doxycycline  
• Dosage-optimization pharmacokinetic studies 
• Empirical treatment of undifferentiated febrile illnesses, esp. pregnancy and children 

Cross R. et al., Exp Opin Drug Safety, 2016 

http://www.bing.com/images/search?q=doxycycline&view=detailv2&&id=74B866BD597F0A3E329819A2E53A3A24EA832D4F&selectedIndex=1&ccid=65u2YoYW&simid=608030292271562797&thid=OIP.65u2YoYWcuib8kvbFpJQrgEsEs


Bangkok ... half of the world’s population within a 2’000 mile radius ... ! 

Paris DH, Oxford Textbook of Medicine, 2016 (6th edition) 



... >95% of reports of scrub typhus ...  

Paris DH, Oxford Textbook of Medicine, 2016 (6th edition) 



... potential global tropical / subtropical distribution ... ?! 

Izzard et al., JCM, 2010 
Paris DH, Oxford Textbook of Medicine, 2016 (6th edition) 



... potential global tropical / subtropical distribution ... ?! 

Paris DH, Oxford Textbook of Medicine, 2016 (6th edition) 



... potential global tropical / subtropical distribution ... ?! 

Paris DH, Oxford Textbook of Medicine, 2016 (6th edition) 



Scrub typhus in Chile – a paradigm shift 

Universidad del Desarrollo, Santiago, Chile 
Pontificia Universidad Católica de Chile, Santiago, Chile  
MORU and LOMWRU - diagnostics 

Kato-like 
TA, Japan 

Weitzel T et al., NEJM 2016 



Rickettsial infections and scrub typhus 

Courtesy Dr David H. Walker,  University of Texas Medical Branch, USA 



Rickettsial infections and scrub typhus 

Courtesy Dr David H. Walker,  University of Texas Medical Branch, USA 



Rickettsial infections and scrub typhus 



Rickettsial infections and scrub typhus 



Rickettsial infections and scrub typhus 



Rickettsial infections and scrub typhus 

Eschar lesion after leech-
bite, PCR / DNA seq. 
Rickettsia felis 



Rickettsial infections and scrub typhus 

Eschar lesion after 
leech-bite, PCR / DNA 
seq. Rickettsia felis 



Why are “tropical” Rickettsial diseases important ? 

Leading causes of treatable undifferentiated febrile illness (SEA) 

Highly endemic in SEA (elsewhere?) 

Potentially severe, substantial economical impact (DALYs) 

Scrub typhus – short duration of immune protection (transience) 

Treatment without impact on incidence reduction (humans = dead end hosts)! 
 

WHO 1999:  

“Scrub typhus is probably one of the most under diagnosed and underreported febrile 

illnesses requiring hospitalization in the region” 
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Highly interesting diseases! 
 



Thank you for your attention! 

trapping rodents and chigger mites at dusk, Laos 2015 


