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     INTRODUCTION 

 Little work has been done to characterize the role of the arbo-
viruses Chikungunya (genus  Alphavirus , family  Togaviridae ) 
and Dengue (genus  Flavivirus , family  Flaviviridae ) as causes 
of febrile illnesses in sub-Saharan Africa. Human infection 
with either virus is associated with fever, arthralgia, malaise, 
headache, and rash.  Aedes aegypti  and, to a lesser extent, 
 Aedes albopictus  are the primary vectors in Chikungunya 
virus (CHIKV) and Dengue virus (DENV) epidemics in sub-
Saharan Africa, 1–  3  but the viruses are also maintained in some 
parts of Africa in sylvatic cycles involving primates and forest 
dwelling  Aedes  species. 1,  4–  6  

 The epidemiology of CHIKV infection in sub-Saharan 
Africa is poorly understood. CHIKV was first isolated and 
described during an epidemic in present-day Tanzania in 
1952. 7  Since that time, periodic CHIKV outbreaks have been 
reported across the African continent, 3,  8,  9  but we are aware of 
no published reports of CHIKV infection in Tanzania since 
its discovery. Moreover, because most CHIKV studies in 
Africa have been conducted during epidemics, little is known 
about virus circulation among humans between outbreaks. 
A study in West Africa with 47 participants found four with 
serologically confirmed acute CHIKV infection during a non-
epidemic period, 10  suggesting that the virus may continue to 
be transmitted to humans between outbreaks. To our knowl-
edge no such study has been conducted in East Africa. 

 Many questions remain about the epidemiology of DENV 
infection in sub-Saharan Africa as well. Although sev-
eral DENV epidemics have been reported in sub-Saharan 
Africa, 11–  13  DENV infection is likely to be considerably under-
reported, because of limited diagnostic capacity and misclas-

sification as malaria. 14  In East Africa, little is known about 
the prevalence of DENV infection and how the virus is main-
tained between epidemics. Although DENV outbreaks have 
not been reported in Tanzania, 13  DENV infection has been 
confirmed in travelers returning from the country, 15,  16  suggest-
ing that the virus is circulating in Tanzania. However, DENV 
infection, like CHIKV infection, is a diagnosis rarely consid-
ered by local clinicians, presumably due in part to a lack of 
information about disease prevalence. 

 To understand the role of CHIKV and DENV as causes 
of febrile illness in northern Tanzania during a non-
epidemic period, we investigated the prevalence, character-
istics, and correlates of febrile inpatients with these infections. 

   MATERIALS AND METHODS 

  Setting.   Moshi (population > 144,000) is situated in the 
Kilimanjaro Region (population > 1.4 million) of northern 
Tanzania at 890 m above sea level. This study was conducted at 
two hospitals in Moshi: Kilimanjaro Christian Medical Centre, 
a 458-bed referral hospital serving several regions in northern 
Tanzania, and Mawenzi Regional Hospital, a 300-bed hospital 
serving the Kilimanjaro Region. 

   Study participants and procedures.   Febrile inpatients were 
prospectively enrolled from 17 September 2007 through 
31 August 2008. Study procedures are described in detail 
elsewhere. 17,  18  Briefly, adult and adolescent inpatients (≥ 13 
years of age) with oral temperature ≥ 38.0°C at admission 
were eligible for enrollment. For pediatric inpatients (age 
≥ 2 months to < 13 years of age), inclusion criteria were history 
of fever in the past 48 hours, axillary temperature ≥ 37.5°C at 
admission, or rectal temperature ≥ 38.0°C at admission. For each 
enrollee, a clinical officer who was a member of the study team 
obtained a standardized clinical history, performed a physical 
exam, and collected demographic information. Provisional 
clinical diagnoses and treatment were also recorded. Within 
24 hours of admission and before the initiation of antimicrobial 
therapy, blood was collected for complete blood count, 
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examination for parasites, human immunodeficiency virus 
(HIV) antibody testing for those ≥ 18 months of age, 19  or 
HIV-1 RNA polymerase chain reaction (PCR) for those < 18 
months of age, 20,  21  aerobic and mycobacterial blood cultures, 
and serologic investigation. Results of all study investigations 
were provided immediately after testing was complete to the 
clinical team to inform patient management. 

   Laboratory methods.   Serum was stored at -80°C in Moshi 
and was transported on dry ice to the Duke-National University 
of Singapore Graduate Medical School Program in Emerging 
Infections laboratory in Singapore. Serum samples were tested 
for anti-DENV immunoglobulin M (IgM) and IgG antibodies 
using an IgM capture enzyme-linked immunosorbent assay 
(ELISA) and Indirect IgG ELISA (both PanBio, Brisbane, 
Australia), according to manufacturer’s instructions. 

 RNA was extracted from serum samples using the QIAamp 
Viral RNA Mini kit (QIAGEN, Hilden, Germany) according 
to manufacturer’s instructions. 

 Reverse transcription was performed using Invitrogen 
Superscript III First Strand Synthesis System (Life Technologies, 
Carlsbad, CA), according to manufacturer’s instructions. 

 Real-time PCR for flavivirus, DENV, and CHIKV was car-
ried out with the LightCycler 480 SYBR Green I Master kit 
(Roche Diagnostics, Penzberg, Germany) in a total reaction 
volume of 20 μL containing 2 μL of cDNA using primers pub-
lished elsewhere. 22–  24  Forty-five PCR cycles were done at 95°C 
for 10 seconds, 55°C for 5 seconds, and 72°C for 10 seconds, 
followed by melt curve for analysis purposes. 

   Study definitions.   Confirmed acute CHIKV, DENV, and 
flavivirus infections were defined as a positive PCR result 
for CHIKV, DENV, and flavivirus viral RNA, respectively. 
Presumptive acute DENV infection was defined as a positive 
anti-DENV IgM ELISA result. Prior flavivirus exposure 
was defined as a positive anti-DENV IgG ELISA result. 25  
Severe immunosuppression was defined as a CD4-positive 
T-lymphocyte count (CD4 count) < 100 cells/mm 3  for adults 
and adolescents or CD4% < 25% for patients < 12 months of 
age; < 20% for patients < 3 years of age; and < 15% for children 
≥ 3 years of age. 26  

 Participants’ village of residence was classified as rural or 
urban based on the 2002 Tanzania Population and Housing 
Census for all those whose village of origin was known. 27  
Locally collected temperature and rainfall data (Noel HP, 
personal communication) were used to calculate the average 
monthly rainfall and the average daily minimum temperature 
for the study period. A dry month was defined as any month 
with cumulative rainfall less than the monthly average for the 
study period. A cold month was defined as any month with an 
average minimum temperature below the average minimum 
temperature for the study period. 

   Statistical analysis.   Data were entered using Cardiff 
Teleform 9.0 (Cardiff Inc., Vista, CA) and analyzed using JMP 
8.0 (SAS, Cary, NC). Descriptive statistics are presented as 
medians, ranges, and interquartile ranges (IQR) for continuous 
variables and as proportions for categorical variables. Mann-
Whitney  U  tests were used to compare differences in medians 
for continuous data. Pearson’s χ 2  was used to compare 
categorical data; Fisher’s exact test was used in cases when 
expected frequencies were < 5. All  P  values are two-sided. 
Locally validated 28  and established 29  age-specific reference 
ranges were used for analysis of participants’ hematologic 
findings. 

   Research ethics.   This study was approved by the Kilimanjaro 
Christian Medical Centre (KCMC) Research Ethics Committee, 
the Tanzania National Institutes for Medical Research 
National Research Ethics Coordinating Committee, and insti-
tutional review boards of Duke University Health System and 
the National University of Singapore. 

    RESULTS 

 There were 870 patients enrolled in the study, including 403 
(46.3%) adults and adolescents and 467 (53.7%) infants and 
children. 

 Demographic descriptions of this study population have 
been previously reported. 17,  18  

 Chikungunya.   Sera were available for PCR testing for 
700 (80.5%) participants, including 368 (91.3%) adults and 
adolescents and 332 (71.1%) infants and children. Of these, 
55 (7.9%) met the definition for confirmed acute CHIKV 
infection, including 21 (5.7%) adults and adolescents and 
34 (10.2%) infants and children ( Table 1 ). CHIKV infection 
was more common among infants and children than older 
participants (odds ratio [OR] 1.9,  P  = 0.026). 

      The demographic and clinical features of patients with 
and without CHIKV infection are presented in  Table 2 . The 
CHIKV-infected patients were significantly more likely to 
present during a study-defined dry month (OR 3.2,  P  = 0.001) 
and during a study-defined cold month (OR 3.9,  P  < 0.001) 
than other febrile inpatients. 

      Hepatomegaly (OR 2.3,  P  = 0.043) and an absence of vom-
iting (OR 0.49,  P  = 0.043) were the only assessed signs or 
symptoms associated with CHIKV infection. There were no 
significant differences between the hematologic and radio-
graphic findings of those with and without CHIKV infection. 

 Of CHIKV-infected patients, 36 (65.5%) had no evidence 
of acute co-infections. HIV infection was not more common 
among participants with CHIKV infection (22.9%) than other 
febrile inpatients (26.1%) (OR 0.84,  P  = 0.628). However, 
among HIV-infected participants > 5 years of age, the median 
(range) CD4 count was 38 (2, 264) cells/mm 3  for those with 
CHIKV co-infection, compared with 112 (1, 1,631) cells/mm 3  
for those without CHIKV infection ( P  = 0.010). Among all 
HIV-infected patients, lymphopenia was significantly more 
common among those with CHIKV co-infection (9 of 11 
patients, 81.8%) than those without CHIKV co-infection (70 
of 157 patients, 44.6%) (OR 5.6,  P  = 0.017). Furthermore, 9 
(90%) of the CHIKV and HIV co-infected patients met the 
study definition for severe immunosuppression, compared 
with 71 (43.3%) of the CHIKV-uninfected HIV-infected 
patients (OR 10.5,  P  = 0.007). 

 No participant received a clinical diagnosis of CHIKV 
infection during their hospital stay. Among those with con-
firmed CHIKV infection, the most common provisional diag-
nosis was malaria in 23 (41.8%). Forty-eight (87.3%) of those 
with CHIKV infection were treated with an antibacterial or 
antimalarial, compared with 462 (71.6%) of other febrile inpa-
tients (OR 2.7,  P  = 0.012). 

 Five (9.1%) CHIKV-infected patients died before discharge 
from the hospital. One patient had a 1-year history of fever 
with a large unexplained right-sided pleural effusion. Two 
patients had advanced HIV infection with chest radiographs 
showing bilateral macronodules and multilobar consolida-
tion, respectively. A fourth patient was admitted with diabetic 
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ketoacidosis and a bloodstream infection with  Escherichia coli . 
The final patient had no evidence of any co-infections and 
presented with headache, neck stiffness, convulsions, and loss 
of con sciousness with a normal peripheral white blood cell 
count. 

  Dengue.   None of the 700 participants for whom PCR analysis 
was performed had confirmed acute DENV or flavivirus 
infection. Serum was available for DENV serology for 747 
(85.9%) of participants. Among these, 71 (9.5%) met the 
definition for presumptive acute DENV infection, including 

36 (9.8%) adults and adolescents and 35 (9.2%) infants and 
children ( Table 1 ). 

 The demographic and clinical features of patients with pre-
sumptive acute DENV infection are shown in  Table 3 . No 
demographic characteristics, presenting symptoms, physical 
examination findings, hematologic results, or radiographic fea-
tures distinguished patients with presumptive DENV infec-
tion from other febrile inpatients. 

      Forty (56.3%) participants with presumptive DENV infec-
tion had no evidence of acute co-infections. HIV infection was 

  Table  1 
  Prevalence of CHIKV and DENV infections among febrile inpatients, northern Tanzania, 2007–2008  

All patients Pediatric Adult and adolescent

n/N (%) n/N (%) n/N (%) OR (95% CI)  P  value

Acute CHIKV infection 55/700 (7.9) 34/332 (10.2) 21/368 (5.7) 1.9 (1.1–3.3) 0.026 * 
Presumptive acute DENV infection 71/747 (9.5) 35/380 (9.2) 36/367 (9.8) 0.93 (0.57–1.5) 0.780
Prior flavivirus exposure 80/751 (10.7) 19/384 (5.0) 61/367 (16.6) 0.26 (0.15–0.45) < 0.001 * 

  *    P  < 0.05.  
  CHIKV = Chikungunya virus; DENV = Dengue virus; OR = odds ratio; CI = confidence interval.  

  Table  2 
  Presenting features of febrile inpatients with and without CHIKV infection ( N  = 700), northern Tanzania, 2007–2008  

Acute CHIKV infection 
( N  = 55)

No CHIKV infection 
( N  = 645)

OR (95% CI)  P  valuen/ N (%) n/ N (%)

Demographics
 Age, median (range) years 5.5 (0.2, 63.5) 19.4 (0.2, 95.8) – 0.088
 Female 21/55 (38.2) 321/645 (49.8) 0.62 (0.35–1.1) 0.099
 Rural residence 22/43 (51.1) 290/559 (51.2) 0.97 (0.52–1.8) 0.928
 Presentation in dry month 45/55 (81.8) 375/645 (58.1) 3.2 (1.6–6.5) 0.001 * 
 Presentation in cold month 26/55 (47.3) 120/645 (18.6) 3.9 (2.2–6.9) < 0.001 * 
Clinical Signs and symptoms
 Days ill, median (IQR) 4 (3, 14) 6 (3, 14) – 0.596
 Temperature, median (IQR) °C 38.1 (38.0, 39.0) 38.5 (38.0, 39.0) – 0.173
 Headache † 13/21 (61.9) 245/344 (71.2) 0.66 (0.26–1.6) 0.363
 Lymphadenopathy 4/54 (7.4) 67/634 (10.6) 0.68 (0.24–1.9) 0.464
 Cough 33/55 (60.0) 407/644 (63.2) 0.87 (0.50–1.5) 0.637
 Difficulty breathing 26/55 (47.3) 221/640 (34.5) 1.7 (0.98–3.0) 0.058
 Vomiting 10/55 (18.2) 201/643 (31.3) 0.49 (0.24–0.99) 0.043 * 
 Diarrhea 10/55 (18.2) 141/641 (22.0) 0.78 (0.39–1.6) 0.510
 Hepatomegaly 9/52 (17.3) 54/640 (8.4) 2.3 (1.1–4.9) 0.043 * 
Laboratory and radiographic findings ‡ 
 Anemia 29/55 (52.7) 266/635 (41.9) 1.5 (0.89–2.7) 0.119
 Leukopenia 5/55 (9.1) 43/635 (6.8) 1.4 (0.52–3.6) 0.576
 Lymphopenia 21/55 (38.2) 222/624 (35.6) 1.1 (0.63–2.0) 0.669
 Thrombocytopenia 6/55 (10.9) 122/634 (19.2) 0.51 (0.21–1.2) 0.127
 HIV-infected 11/48 (22.9) 161/617 (26.1) 0.84 (0.42–1.7) 0.628
 Abnormal chest radiograph 21/31 (67.7) 228/403 (56.6) 1.6 (0.74–3.5) 0.226
Evidence of other acute infection
 Malaria 2/54 (3.7) 20/638 (3.1) 1.1 (0.27–5.2) 0.687
 Bloodstream infections 5/55 § (9.1) 76/645 (11.8) 0.75 (0.29–1.9) 0.549
 Bacterial zoonoses 5/55 ¶ (9.1) 63/645 (9.8) 0.92 (0.36–2.4) 0.871
 Presumptive DENV 9/55 (16.4) 58/637 (9.1) 2.0 (0.91–4.2) 0.081
Provisional diagnosis
 Malaria 23/55 (41.8) 281/645 (43.6) 0.93 (0.53–1.6) 0.802
 Pneumonia 22/55 (40.0) 191/645 (29.6) 1.6 (0.90–2.8) 0.108
 Meningitis 3/55 (5.5) 45/645 (7.0) 0.77 (0.23–2.6) 1.000
 Other 7/55 (12.7) 128/645 (19.8) 0.59 (0.26–1.3) 0.284
Treatment
 Antibacterial 48/55 (87.3) 427/645 (66.2) 3.5 (1.6–7.9) 0.001 * 
 Antimalarial 6/55 (10.9) 118/645 (18.3) 0.54 (0.23–1.3) 0.169
 No antibacterial or antimalarial 7/55 (12.7) 183/645 (28.4) 0.37 (0.16–0.83) 0.012 * 
Death before discharge 5/55 (9.1) 59/641 (9.2) 0.99 (0.38–2.6) 0.978

  *    P  < 0.05.  
  †   Data available for adult and adolescent patients only.  
  ‡   Laboratory reference ranges based on locally established reference ranges [27 and 28].  
  §   Blood culture positive for  Streptococcus pneumoniae  (2),  Salmonella enterica  serotype Typhi (1),  Escherichia coli  (1),  Cryptococcus neoformans  (1).  
  ¶   Serology positive for leptospirosis (3) and Q fever (2).  
  CHIKV = Chikungunya virus; OR = odds ratio; CI = confidence interval; IQR = interquartile ratio; DENV = Dengue virus.  
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found in 6 (8.8%) of the patients with presumptive DENV 
infection, compared with 175 (27.4%) of other febrile inpa-
tients (OR 0.26,  P  = 0.001). 

 None of the participants received a clinical diagnosis of 
DENV infection during their hospital stay. Fifty-six (78.9%) 
patients with presumptive DENV infection were treated 
with either an antibacterial or an antimalarial. Three (4.2%) 
patients with presumptive DENV infection died before dis-
charge. Two of these patients had bacterial bloodstream co-
infections caused by  Mycobacterium tuberculosis  and  E. coli , 
and the third had radiographic evidence of active pulmonary 
tuberculosis. 

   Prior flavivirus exposure.   Anti-DENV IgG serological 
testing was performed for 751 (86.3%) participants. Eighty 
(10.7%) patients met the study definition for prior flavivirus 
exposure. Prior flavivirus exposure was significantly less com-
mon among infants and children (19 patients, 5.0%) than adults 
and adolescents (61 patients, 16.6%) (OR 0.26,  P  < 0.001). 

 The median (range) age of those with prior flavivirus expo-
sure was 30.8 (0.3, 78.0) years, compared with 8.4 (0.2, 95.8) 
years for those without prior flavivirus exposure ( P  < 0.001). 

Forty-six (63.0%) of participants with prior flavivirus expo-
sure resided in a rural area, compared with 281 (49.3%) of 
those without prior flavivirus exposure (OR 1.8,  P  = 0.027). 

    DISCUSSION 

 To our knowledge, this study is the first to prospectively 
investigate the role of CHIKV and DENV as causes of febrile 
illness in East Africa. Our study shows that CHIKV infec-
tion and possibly DENV infection are common but unrecog-
nized causes of fever among inpatients in northern Tanzania. 
Acute CHIKV infection was approximately twice as common 
among infants and children as among adults and adolescents, 
consistent with the hypothesis that primary CHIKV infection 
confers lifelong protection against re-infection. 30  The age dis-
tribution of CHIKV cases observed is in marked contrast to 
the preponderance of cases among older patients observed 
during recent outbreaks among non-immune populations out-
side of Africa. 31,  32  

 CHIKV infection was inevitably misdiagnosed as another 
infection, usually malaria. However, CHIKV infection was 

  Table  3 
  Presenting features of febrile inpatients with and without presumptive acute DENV infection ( N  = 747), northern Tanzania, 2007–2008  

Presumptive DENV infection 
( N  = 71)

No DENV infection 
( N  = 676)

n/N (%) n/N (%) OR (95% CI)  P  value

Demographics
 Age, median (range) years 14.4 (0.3, 95.8) 12.1 (0.2, 88.7) – 0.878
 Female 32/71 (45.1) 324/676 (47.9) 0.89 (0.55–1.5) 0.646
 Rural residence 34/55 (61.8) 292/585 (49.9) 1.6 (0.92–2.9) 0.091
 Presentation in dry month 44/71 (62.0) 417/676 (61.7) 1.0 (0.61–1.7) 0.963
 Presentation in cold month 19/71 (26.8) 150/676 (22.2) 1.3 (0.73–2.2) 0.381
Clinical signs and symptoms
 Days ill, median (IQR) 4.5 (3, 14) 5 (3, 14) – 0.680
 Temperature, median (IQR) °C 38.5 (38.0, 39.1) 38.5 (38.0, 39.0) – 0.497
 Headache † 24/36 (66.7) 233/328 (71.0) 0.82 (0.39–1.7) 0.585
 Lymphadenopathy 5/68 (7.4) 72/666 (10.8) 0.65 (0.26–1.7) 0.375
 Cough 42/71 (59.2) 429/675 (63.6) 0.83 (0.51–1.4) 0.465
 Difficulty breathing 31/71 (43.7) 236/671 (35.2) 1.4 (0.87–2.3) 0.156
 Vomiting 21/71 (29.6) 204/674 (30.3) 0.97 (0.57–1.7) 0.904
 Diarrhea 17/69 (24.6) 140/674 (20.8) 1.2 (0.70–2.2) 0.454
 Hepatomegaly 10/69 (14.5) 59/670 (8.8) 1.8 (0.85-3.6) 0.122
Laboratory and radiographic findings ‡ 
 Anemia 33/70 (47.1) 265/666 (39.8) 1.3 (0.82–2.2) 0.233
 Leukopenia 4/70 (5.7) 48/666 (7.2) 0.78 (0.27–2.2) 0.809
 Lymphopenia 25/68 (36.8) 229/657 (34.9) 1.1 (0.64–1.8) 0.753
 Thrombocytopenia 13/70 (18.6) 119/665 (17.9) 1.0 (0.55–2.0) 0.888
 HIV-infected 6/68 (8.8) 175/638 (27.4) 0.26 (0.11–0.60) 0.001 * 
 Abnormal chest radiograph 20/40 (50.0) 251/423 (59.3) 0.68 (0.36–1.3) 0.252
Evidence of other acute infection
 Malaria 5/69 (7.3) 17/669 (2.5) 3.0 (1.1–8.4) 0.046 * 
 Bloodstream infections 12/71 § (16.9) 69/676 (10.2) 1.8 (0.92–3.5) 0.084
 Bacterial zoonoses 9/71 ¶ (12.7) 59/676 (8.7) 1.5 (0.72–3.2) 0.270
 Chikungunya 9/67 (13.4) 46/625 (7.4) 2.0 (0.91–4.2) 0.081
Provisional diagnosis
 Malaria 32/71 (45.1) 292/676 (43.2) 1.1 (0.66–1.8) 0.762
 Pneumonia 21/71 (29.6) 214/676 (31.7) 0.91 (0.53–1.5) 0.720
 Meningitis 5/71 (7.0) 46/676 (6.8) 1.0 (0.40–2.7) 0.809
 Other 13/71 (18.3) 124/676 (18.3) 1.0 (0.53–1.9) 0.995
Treatment
 Antibacterial 52/71 (73.2) 459/676 (67.9) 1.3 (0.75–2.2) 0.357
 Antimalarial 16/71 (22.5) 128/676 (18.9) 1.2 (0.69–2.2) 0.464
 No antibacterial or antimalarial 15/71 (21.1) 181/676 (26.8) 0.73 (0.40–1.3) 0.303
Death before discharge 3/71 (4.2) 62/672 (9.2) 0.43 (0.13–1.4) 0.156

  *    P  < 0.05.  
  †   Data available for adult and adolescent patients only.  
  ‡   Laboratory reference ranges based on locally established reference ranges [27 and 28].  
  §   Blood culture positive for  Salmonella enterica  serotype Typhi (7),  Escherichia coli  (2),  Streptococcus aureus  (1),  Mycobacterium tuberculosis  (1),  Klebsiella oxytoca  (1).  
  ¶   Serology positive for leptospirosis (5), brucellosis (4), and Q fever (1). (Note: one patient tested positive for both leptospirosis and brucellosis.)  
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more than twice as common as malaria infection in this study 
population. CHIKV-infected patients were more likely to 
receive antibacterial or antimalarial therapy than other febrile 
patients; such therapy constitutes wasted health resources and 
potentially promotes antimicrobial resistance. Clinical signs 
and symptoms and laboratory findings were largely unhelpful 
in distinguishing patients with CHIKV infection from other 
febrile inpatients, a finding consistent with a recent study con-
ducted during a CHIKV outbreak on Reunion Island, 32  under-
scoring the challenges of diagnosing CHIKV infection in the 
absence of laboratory diagnostic capacity. Although hepato-
megaly and an absence of vomiting were associated with 
CHIKV infection, these associations may have been identified 
by chance, given the number of comparisons performed in the 
analyses presented in  Tables 2  and  3 . 

 To our knowledge, we report the first case series of HIV and 
CHIKV co-infection. Although HIV was not a risk factor for 
CHIKV infection, among HIV-infected individuals there was 
an association between CHIKV co-infection and lymphope-
nia, lower CD4 count, and severe immunosuppression. The 
basis of these associations is unclear. One possible explana-
tion is that CHIKV infection, which is commonly associated 
with lymphopenia, 33  transiently exacerbates the lymphope-
nia of HIV infection. However, there was no overall associa-
tion between CHIKV infection and lymphopenia in our study. 
Another possible explanation is that severely immunosup-
pressed individuals are more susceptible to CHIKV infec-
tion or to severe CHIKV infection requiring hospitalization. 
However, animal models suggest that the innate and humoral 
immune response, both of which are relatively preserved in 
HIV infection, play a prominent role in the elimination of and 
subsequent protection against CHIKV infection. 33  A third 
possible explanation is viral recrudescence. If CHIKV virions 
remain sequestered in the host after initial infection, they may 
re-emerge in severely immunocompromised patients to cause 
symptomatic infection. Although recrudescent CHIKV vire-
mia has never been described, 30  a study in macaques found that 
CHIKV virions persist in macrophages up to 3 months after 
initial infection. 34  The observed association between CHIKV 
infection and severe immunosuppression among HIV-infected 
patients warrants further investigation. 

 We report five patients with CHIKV infection who died 
before discharge from the hospital, and to our knowledge 
these represent the first report of possible CHIKV-associated 
deaths in Africa. Four of these patients had evidence of co-
infections that could have been causes of death irrespective of 
CHIKV infection. However, one CHIKV-infected patient who 
died before discharge was a previously healthy 33 year old 
with no evidence of co-infection. Her clinical presentation was 
consistent with meningoencephalitis, and the normal periph-
eral white blood cell count made bacterial meningitis unlikely. 
Although a cerebrospinal fluid sample was not obtained, 
she may have suffered from CHIKV encephalomeningitis, a 
recently described manifestation of CHIKV infection. 35,  36  

 CHIKV infection was significantly more likely to occur dur-
ing cold months and dry months than during warm months 
and rainy months, respectively. The reason for this observa-
tion is unclear, and little work has been done to investigate 
the relationship between climate and CHIKV infection, espe-
cially in Africa. One study found that an outbreak of CHIKV 
in Kenya in 2004 was preceded by a period of unusually dry, 
hot weather. 37  Another study found that  Ae. albopictus  lar-

vae incubated at cooler temperatures were more competent 
and efficient CHIKV vectors. 38  More detailed village-specific 
temperature and rainfall data and a longer surveillance period 
will be needed to make more definitive conclusions about the 
interactions between CHIKV transmission and climate. 

 Our results also raise questions about vectors of CHIKV 
transmission in non-epidemic settings. It is possible that the 
virus is transmitted locally by forest dwelling  Aedes  mosqui-
toes in a sylvatic cycle, and that the observed human infections 
were incidental occurrences during an epizootic. This trans-
mission pattern was proposed to explain five cases of human 
CHIKV infection in Uganda during a 3-month period in 1968 
when multiple CHIKV isolations were made from  Aedes afri-
canus  and non-human primates. 5  Sylvatic transmission with 
spill over to humans may be less likely in our setting, since 
we observed 55 human CHIKV infections over a 10-month 
period. It is also possible that CHIKV is transmitted locally 
by  Ae. aegypti  or  Ae. albopictus , the vectors traditionally asso-
ciated with CHIKV outbreaks, but we are not aware of pub-
lished reports of the presence of either species in northern 
Tanzania. Vector surveys are clearly needed to elucidate local 
transmission dynamics. 

 DENV infection also appeared to be a common cause of 
fever among inpatients, although we could not confirm the 
diagnosis with PCR. This was despite the fact that acute serum 
collection occurred at a median of 4.5 days after illness onset, 
a period when PCR is considered more sensitive than serol-
ogy. 39,  40  Possible explanations for this observation include cold 
chain breaks during sample transport that would likely have 
affected PCR results more than serological results or serologi-
cal cross-reactivity resulting in false anti-DENV IgM positives. 
Although a positive anti-DENV IgM result in the setting of 
an acute febrile illness is often considered diagnostic of acute 
DENV infection, this approach can be problematic because 
anti-DENV IgM is often detectable for 2–3 months after ini-
tial infection. 41  Moreover, the reported sensitivity and speci-
ficity of the DENV serologic assays used in this study have 
varied widely against conventional standard tests 42–  45  and lit-
tle is known about the performance of any DENV serologic 
assay in East Africa. Consequently, positive anti-DENV serol-
ogy has obvious shortcomings for confirming acute symptom-
atic DENV infection in our study. Despite these concerns, two 
findings of our study support the conclusion that DENV or 
a closely related flavivirus is indeed circulating in northern 
Tanzania. First, the majority of participants who tested positive 
for anti-DENV IgM had no evidence of other infections that 
could account for their febrile illness despite extensive evalua-
tion; and second, one in six adults and adolescents tested posi-
tive for anti-DENV IgG, indicating prior exposure to DENV 
or to a closely related flavivirus. 25  

 In summary, we show that arboviral infections were a com-
mon cause of febrile illness but were routinely misdiagnosed, 
most commonly as malaria. Greater awareness of the prevalence 
of arboviral infections among clinicians and the availability of 
a reliable and affordable diagnostic test would improve patient 
management and contribute to a more robust assessment of dis-
ease burden in sub-Saharan Africa. Although our findings show 
that CHIKV and possibly DENV are important causes of fever 
between recognized outbreaks, further investigation is needed 
to identify local vectors, determine risk factors for human 
disease, and expand our understanding of the epidemiology 
of these and other arboviral infections in sub-Saharan Africa. 
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