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Abstract 

Introduction: Rickettsiosis is an intracellular bacterial disease transmitted by 

arthropods, endemic to several Mexican states. It causes fever, rash, and skin 

lesions. Although usually mild, conditions such as spotted fever can be fatal. 

Early diagnosis and prompt treatment with doxycycline or chloramphenicol are 

crucial to reducing mortality. 

Objective: To determine mortality and factors associate rickettsiosis in 

northwestern Mexico. 

Materials and methods: A retrospective cohort study, it took all information 

rickettsiosis cases, which are in the nominal list of  the health jurisdiction IV of  

Sonora, Mexico. The information was collected from medical records, to 

integrate the database. We performed a descriptive and inferential statistical 

analysis to detect the frequency and factors associated with rickettsial diseases. 

Results: A total of  225 patients with a diagnosis of  rickettsiosis, finding a total 

of  25 deaths, with a mortality of  11%. The risk factors presented were ≤ 5 

years of  age (RR, 7.22, 95% CI, 3.78-13.81), the time interval between the 

start of  treatment and the onset of  symptoms> 5 days (RR, 2.42; 95% CI, 0.96-

6.35), use of  trimethoprim-sulfamethoxazole (RR, 2.65, 95% CI, 0.93-7.52), 

chloramphenicol (RR, 9.07, 95% CI, 4.68-17.56), gamma globulin (RR, 9.7; 

95% CI, 5.19-17.79), corticosteroids (RR, 12; 95% CI, 6.05-23.77) and use of  

doxycycline (RR, 0.14, 95% CI, .07 to .29). 

Conclusions: We present a high mortality, and major associated factors are age 

less than 5 years, an interval of  time between the start of  treatment and the 

onset of  symptoms more than five days, the use of  trimethoprim-

sulfamethoxazole, chloramphenicol and corticosteroids. Doxycycline therapy 

reduced mortality. 
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INTRODUCTION 

Rickettsiosis is an infectious disease caused by *Rickettsia* species, which 

are obligate intracellular bacteria closely associated with arthropod vectors. 

The disease is transmitted to humans primarily through the bite of infected 

ticks (CDC: [http://www.cdc.gov/rmsf/index.html]. In Mexico, rickettsial 

diseases are endemic to several states, including Sinaloa, Jalisco, Nuevo León, 

and Coahuila. Since 1985, annual reports have documented the coexistence of 

different rickettsial infections, including endemic typhus, epidemic typhus, 

and spotted fevers.1,2 

Patients with rickettsiosis typically present with a maculopapular rash, 

petechiae, or an eschar at the site of the tick bite. While many *Rickettsia* 

species cause mild to moderate illness, epidemic typhus and Rocky Mountain 

spotted fever (RMSF) can progress to severe, life-threatening clinical 

presentations if left untreated.3 

Timely treatment is critical and must be administered as early as possible to 

prevent complications or death. Doxycycline is the gold-standard, first-line 

treatment for adults and children of all ages, and it should be initiated 

immediately upon clinical suspicion of RMSF. The use of alternative 

antibiotics is associated with a significantly higher risk of fatal outcomes. 

Treatment is most effective at preventing mortality if doxycycline is started 

within the first five days of symptom onset (CDC: [http://www.cdc.gov/rmsf 

/symptoms/index.html].4 

Epidemiological data in Mexico vary by region. A seroprevalence study in 

Yucatan evaluated 390 people and found that only 22 individuals (5.6%) were 

reactive to rickettsial antibodies. In contrast, a study conducting a clinical 

review of pediatric cases at the Children's Hospital of the State of Sonora 

reported that all evaluated patients presented with fever and a petechial rash. 

Laboratory abnormalities in that cohort included elevated liver enzymes, 

hyponatremia, and thrombocytopenia; despite treatment with doxycycline and 

chloramphenicol, a mortality rate of 22% was observed.5,6,7.8 

Furthermore, data from the National Epidemiological Surveillance System in 

Mexico indicated that from 2007 to 2009, 25 states reported a combined total 

of 278 cases, with a case-fatality rate of 2.8%. While early treatment with 

doxycycline has consistently demonstrated a survival advantage in RMSF 

cases, it remains unclear whether co-administration with immunomodulators 

improves survival outcomes during the early stages of the disease.9,10 
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In Northwest Mexico, RMSF has become a major public health concern. 

Evolving climatic conditions favor vector proliferation, leading to an 

increased disease burden and high mortality rates. Therefore, we conducted 

this retrospective cohort study to determine the specific factors associated with 

mortality in the southern region of the State of Sonora.  

MATERIALS AND METHODS 

We conducted a retrospective cohort study from January 2008 to December 

2011 within the Yaqui Valley Jurisdiction IV in Sonora, Mexico. We included 

patients with a confirmed diagnosis of RMSF, defined by the detection of IgM 

antibodies via indirect immunofluorescence assay (IFA). All diagnostic 

samples were processed at the State Laboratory of Public Health in Sonora, 

Mexico. 

The primary outcome of interest was patient mortality. To account for early 

mortality—where patients succumbed to the illness before antibody titers 

could reach detectable peaks—clinical and epidemiological judgment was 

applied. These early-fatal cases were reviewed and formally classified by a 

panel of medical experts to ensure diagnostic accuracy. 

Data were extracted from medical records and included epidemiological 

history (such as documented tick exposure), sociodemographic characteristics 

(age and gender), and hospital admission details. Clinical data collected 

encompassed the presence of fever, myalgia, arthralgia, rash, and the exact 

date of symptom onset. Regarding therapeutic management, we recorded data 

on all administered drugs, specifically tracking the use of doxycycline, 

chloramphenicol, trimethoprim-sulfamethoxazole (TMP-SMX), human 

immunoglobulin (gamma-globulin), and corticosteroids. 

Descriptive analysis included the tabulation of all variables, stratified by 

survival status (survivors vs. deceased), using percentages and Chi-squared 

tests for categorical comparisons. A crude analysis was performed using 

univariable Cox regression models to evaluate the direct association between 

each variable and mortality. Finally, a multivariable Cox proportional hazards 

model was constructed. All variables of clinical interest were forced into the 

multivariable model regardless of their univariable significance, as the 

primary objective was to identify independent predictors of mortality while 

controlling for confounding factors. 

Results are reported as Hazard Ratios (HR) and relative risk accompanied by 

95% Confidence Intervals (95% CI). Statistical significance for the regression 

models was assessed using the Wald test. P-values < 0.05 were considered 
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statistically significant; however, due to the restricted sample size, P-values 

up to 0.1 were considered marginally significant. Anonymized data were 

managed in Microsoft Excel and transferred to Epi Info 7 and STATA 11 for 

statistical processing. This study was approved by the local Bioethics and 

Research Committee of the Regional General Hospital No. 1 of the Mexican 

Social Security Institute (IMSS) in Sonora, Mexico.  

RESULTS 

We analyzed data from 225 patients diagnosed with RMSF, which included 

25 recorded deaths, representing an 11% case-fatality rate. Age distribution 

varied significantly: 95.5% of survivors were older than 5 years, compared to 

only 60% of those who died (p < 0.0001). Regarding gender, 139 (69.5%) 

survivors and 13 (52%) deceased patients were female, a difference that was 

only marginally significant (p = 0.078). 

Constitutional symptoms such as fever, headache, and myalgia were universal, 

presenting in 100% of the study population. Conversely, severe clinical signs 

were heavily concentrated in fatal cases: petechiae occurred in 10% of 

survivors versus 88% of deaths, and active bleeding was noted in 12.5% of 

survivors versus 100% of deaths (both comparisons p < 0.0001). A known 

history of a tick bite was reported by only 3 (12%) deceased patients and 13 

(6.5%) survivors (p = 0.3). Hospitalization—serving as a proxy for clinical 

severity—was required for 100% of the deceased patients compared to 26.5% 

of survivors (p < 0.0001) (Table 1). 

Regarding therapeutic timing, 80% of patients who died initiated treatment 

more than 5 days after symptom onset, compared to 59.5% of survivors (p = 

0.047). The detailed distribution of treatment regimens between groups is 

presented in Table 2. 

In the univariable (crude) Cox regression model, children aged 5 years or 

younger exhibited a nearly 10-fold higher hazard of death compared to older 

participants (p < 0.0001). Female patients demonstrated a lower risk of 

mortality than males, though this trend was marginally significant (HR = 0.5, 

p = 0.085). Doxycycline administration demonstrated a strong, statistically 

significant protective effect (HR = 0.09, 95% CI: 0.03–0.25). Conversely, 

alternative therapeutic interventions were strongly associated with increased 

mortality: chloramphenicol (HR = 11.9, p < 0.0001), gamma-globulins (HR = 

12.6, p < 0.0001), and corticosteroids (HR = 15.4, p < 0.0001). Trimethoprim-

sulfamethoxazole showed a marginal association with fatal outcomes (HR = 

2.9, p = 0.08). 
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Table 1: Demographic and clinical characteristics of participants between survivors and dead  

Variable Survivors (N=200) Dead (N=25) P-value* 

Sex: 

Female  

Male 

 

139 (69.5%) 

61 (30.5%) 

 

13 (52.0%) 

12 (48.0%) 

0.078 

Age category (years): 

>5 

≤5 

 

191 (95.5%) 

9 (4.5%) 

 

15 (60.0%) 

10 (40.0%) 

<0.0001 

Hospitalization: 

No 

Yes 

 

147 (73.5%) 

53 (26.5%) 

 

0 (0.0%) 

25 (100.0%) 

<0.0001 

Presence of petechiae: 

No 

Yes 

 

180 (90.0%) 

20 (10.0%) 

 

3 (12.0%) 

22 (88.0%) 

<0.0001 

Presence of bleeding: 

No 

Yes 

 

175 (87.5%) 

25 (12.5%) 

 

0 (0.0%) 

25 (100.0%) 

<0.0001 

Presence of fever: 

No 

Yes 

 

0 (0.0%) 

200 (100.0%) 

 

0 (0.0%) 

25 (100.0%) 

-- 

Presence of headache: 

No 

Yes 

 

0 (0.0%) 

200 (100.0%) 

 

0 (0.0%) 

25 (100.0%) 

-- 

Presence of myalgia: 

No 

Yes 

 

0 (0.0%) 

200 (100.0%) 

 

0 (0.0%) 

25 (100.0%) 

-- 

History of tick bite: 

No 

Yes 

 

187 (93.5%) 

13 (6.5%) 

 

22 (88.0%) 

3 (12.0%) 

0.313 

*P-value from Chi-squared test 

Table 2: Treatment characteristics and regimens of participants between survivors and dead  

Variable Survivors (N=200) Dead  (N=25) P-value* 

Time between onset of symptoms 

and beginning of treatment 

(days): 

>5 

≤5 

 

 

119 (59.5%) 

81 (40.5%) 

 

 

20 (80.0%) 

5 (20.0%) 

0.047 

Treatment with Trimethoprim-

sulfamethoxazole: 

No 

Yes 

 

 

192 (96.0%) 

8 (4.0%) 

 

 

22 (88.0%) 

3 (12.0%) 

0.08 

Treatment with Doxycycline: 

No 

Yes 

 

3 (1.5%) 

197 (98.5%) 

 

5 (20.0%) 

20 (80.0%) 

<0.0001 

Treatment with chloramphenicol: 

No 

Yes 

 

189 (94.5%) 

11 (5.5%) 

 

12 (48.0%) 

13 (52.0%) 

<0.0001 

Treatment with gamma-globulins: 

No 

Yes 

 

194 (97.0%) 

6 (3.0%) 

 

14 (56.0%) 

11 (44.0%) 

<0.0001 

Treatment with corticosteroids: 

No 

Yes 

 

190 (95.0%) 

10 (5.0%) 

 

10 (40.0%) 

15 (60.0%) 

<0.0001 

*P-value from Chi-squared test 
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In the multivariable Cox regression analysis—which adjusted for all treatment 

regimens, sex, age, and tick bite history—several crude associations showed 

evidence of confounding. Younger participants still experienced higher 

mortality, though it became marginally significant (HR = 2.6, p = 0.15). 

Treatment with corticosteroids (HR = 8.6, p < 0.0001), chloramphenicol (HR 

= 4.1, p = 0.018), and trimethoprim-sulfamethoxazole (HR = 4.9, p = 0.03) 

remained strongly and independently associated with mortality. Notably, for 

these latter regimens, the adjusted HR was higher and more significant than 

the crude HR, indicating that the crude analysis was negatively confounded 

by other covariates. Due to the limited sample size and the high correlation 

between variables, the protective effect of doxycycline lost its statistical 

significance in the fully adjusted model (Table 3). 

Table 3: Crude and adjusted association of different variables with death for Rickettsia. Measure of effect 

expressed as Hazard Ratio (HR) from Cox regression. 

Variables 
Crude HR Multivariable analysis (adjusted HR) 

HR (95%CI) P-value§ HR (95%CI) P-value§ 

Sex: 

Male 

Female 

 
(reference) 
0.50 (0.23-1.10) 

 
-- 
0.085 

 
(reference) 
0.69 (0.29-1.64) 

 
-- 
0.403 

Age category (years): 

>5 

≤5 

 
(reference) 
9.79 (4.38-21.87) 

 
-- 
<0.0001 

 
(reference) 
2.58 (0.71-9.44) 

 
-- 
0.151 

History of tick bite: 

No 

Yes 

 
(reference) 
1.85 (0.55-6.18) 

 
-- 
0.318 

 
(reference) 
2.12 (0.56-8.05) 

 
-- 
0.270 

Time between onset of 

treatment (days): 

>5 

≤5 

 
 
2.52 (0.94-6.71) 
(reference) 

 
 
0.065 
-- 

 
 
(reference) 
1.48 (0.49-4.46) 

 
 
-- 
0.486 

Treatment with:  

TMP-SMZ: 

No 

Yes 

 
 
(reference) 
2.91 (0.87-9.71) 

 
 
-- 
0.083 

 
 
(reference) 
4.87 (1.18-20.12) 

 
 
-- 
0.029 

Doxycycline: 

No 

Yes 

 
(reference) 
0.09 (0.03-0.25) 

 
-- 
<0.0001 

 
(reference) 
1.17 (0.30-4.61) 

 
-- 
0.820 

chloramphenicol: 

No 

Yes 

 
(reference) 
11.94 (5.43-26.27) 

 
-- 
<0.0001 

 
(reference) 
4.13 (1.28-13.33) 

 
-- 
0.018 

 Gamma-globulins: 

No 

Yes 

 
(reference) 
12.65 (5.72-27.99) 

 
-- 
<0.0001 

 
(reference) 
0.77 (0.23-2.58) 

 
-- 
0.68 

 corticosteroids: 

No 

Yes 

 
(reference) 
15.40 (6.88-34.47) 

 
-- 
<0.0001 

 
(reference) 
8.58 (2.86-25.72) 

 
-- 
<0.0001 
 

§P-values from Wald test 
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DISCUSSION. 

Prior literature reports highly variable mortality rates for rickettsial diseases, 

ranging from 2% to 36%. Our study identified an 11% case-fatality rate, which 

aligns with these global estimates. Demographically, mortality was heavily 

skewed toward pediatric patients. Furthermore, 100% of deaths occurred 

among hospitalized individuals, confirming that baseline clinical severity at 

presentation is a primary driver of fatal outcomes. These findings mirror those 

described by Thorner et al. in the United States.11 

The most prevalent clinical manifestations in our cohort were headaches, 

myalgia, arthralgia, and bleeding. Notably, only a minority of patients recalled 

a history of a tick bite, and this variable showed no statistical association with 

mortality.12,13,14,15 Our clinical findings contrast with those of Hidalgo et al. in 

Colombia, where only 8% of patients presented with myalgias and 

arthralgias.16 

The primary risk factors for mortality identified in this study were an age 

under 5 years, a treatment delay exceeding 5 days from symptom onset, and 

the utilization of trimethoprim-sulfamethoxazole, chloramphenicol, gamma-

globulins, or corticosteroids.17,18,19 Conversely, doxycycline acted as a major 

protective factor, corroborating the findings of Holman et al.. 20 The loss of 

statistical significance for doxycycline in the multivariable analysis is likely 

an artifact of our small sample size and collinearity with severe cases. 

Delayed treatment (beyond 5 days from onset) is a well-established driver of 

lethality confirmed across multiple endemic regions. However, a key 

limitation of our observational data is that gamma-globulins and 

corticosteroids were exclusively administered to hospitalized patients. This 

indicates a severe selection bias, as these immunomodulators were likely 

introduced as a desperation measure for critically ill patients rather than acting 

as a direct cause of death. 

Doxycycline remains undisputed as the first-line drug of choice, supported by 

our univariable finding of an 81% reduction in the hazard of death, proving 

vastly superior to chloramphenicol. In the adjusted Cox model, the treatments 

positively associated with mortality were trimethoprim-sulfamethoxazole, 

chloramphenicol, and corticosteroids. These findings align with current 

guidelines from the Centers for Disease Control and Prevention (CDC), which 

warn that the use of antibiotics other than doxycycline for suspected 

rickettsiosis is associated with an elevated risk of fatal outcomes (CDC: 

[http://www.cdc.gov/rmsf/symptoms/index.html].21 
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The primary limitation of our study is its small sample size, which stems from 

the inherent difficulties of diagnosing RMSF early in the course of the disease. 

This challenge is compounded by a lack of accessible specialized diagnostic 

laboratory techniques at the point of care and the highly non-specific early 

symptoms of the disease. Additionally, missing data within the medical 

records restricted our ability to fully control other potential clinical 

confounders.22 

This study demonstrates that an associated risk of mortality from RMSF is 

independently associated with an age under 5 years, a treatment delay of more 

than five days from symptom onset, and the use of alternative therapies such 

as trimethoprim-sulfamethoxazole, chloramphenicol, and corticosteroids. 

Early initiation of doxycycline significantly reduces mortality. The use of 

gamma-globulin did not retain statistical significance in the multivariable 

analysis and cannot be definitively classified as a risk or protective factor.23 

Recognizing these clinical and therapeutic risk factors is vital to reducing the 

public health burden of rickettsiosis. Because the early clinical picture is non-

specific and laboratory confirmation is often delayed, empiric treatment 

should never be postponed. Comprehensive training programs targeting 

frontline physicians are urgently needed to improve diagnostic suspicion and 

ensure prompt, early initiation of doxycycline in all suspected cases.  
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