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Abstract

Introduction: Within 2 months of first detection of SARS-CoV-2 in Honduras, its government promoted nationwide 
implementation of multidrug COVID-19 inpatient and outpatient protocols. This was associated with a case fatality rate 
decrease from 9.33% to 2.97%. No decrease was seen in Mexico, a similar Latin-American country that did not introduce 
multidrug treatment protocols at that time.
Objective: The primary objective of the study was to use statistical process control to assess the likelihood that the decrease 
in case fatality rate in Honduras was due to chance, using Mexico as a control country.
Methods: Fourteen day running average COVID-19 case fatality rates in Mexico and Honduras were used to create Shewhart 
control charts during the first 6 months of the epidemic. The date of implementation in Honduras of the inpatient and 
outpatient multidrug COVID-19 protocols were plotted on control charts, with a Mexican COVID-19 case fatality control chart 
as a comparison.
Results: The case fatality rate for COVID-19 in Honduras dropped below the lower control limit 9 days after implementation 
of an inpatient multidrug inpatient protocol, from an average 9.33% case fatality rate to 5.01%. The Honduran COVID-19 
case fatality rate again dropped below the 5.01% control chart limit 17 days after implementation of an outpatient multidrug 
protocol, to an average 2.97%, suggesting statistically significant anomalies. No control limit anomalies were seen during the 
same period in neighbouring Mexico.
Conclusion: There was an association between both inpatient and outpatient multidrug treatment of COVID-19 and decreased 
fatality rates in Honduras.
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Introduction

Honduras is a low middle-income country with 66 
percent of its population in poverty in 2016, and with 20 
percent of Hondurans living in extreme poverty-that is, on 
less than US$1.90 per day [1]. Honduras experienced its first 
case of COVID-19 documented by SARS CoV-2 RT-PCR testing 
on March 10, 2020[2]. As the COVID-19 pandemic unfolded in 
New York in the spring of 2020, Honduras faced the potential 
collapse of its health care system from COVID-19, with but 
19 critical care physicians and 125 intensive care unit (ICU) 
beds to serve a population of 9.9 million [3]. By contrast, New 
York City with a population of 8.9 million had 1060 critical 
care physicians and 1644 ICU beds [4]. Still recovering 
from a recent Dengue epidemic, the Honduran government 
responded proactively to the COVID-19 pandemic based 

on the recommendations of its critical care and infectious 
disease consultants. Honduran physicians theorized that a 
multi-mechanism approach (MMA) to treating COVID-19 
could block the inflammation, immune system disruption, 
and hypercoagulation that initial reports suggested as the 
cause for mortality from SARS CoV-2 infections. They created 
the MMA protocol based on the hypothesis that COVID-19 
mortality resulted less from direct viral infection and more 
from the self-perpetuating cytokine storm and thrombosis 
triggered by the virus that, once triggered, increased 
independently of viral replication. Given Honduras’ limited 
resources, the MMA protocol used repurposed, inexpensive 
medications already proven safe and effective for other 
indications, for which in vitro and clinical evidence suggested 
clinical efficacy against COVID-19.

Intervention Purpose Dose Duration Comments

Inpatient (CATRACH
O)

Dexamethasone Anti-inflammatory 0.2-0.4 mg/kg IV 
daily 5-7 days

May substitute 
methylprednisolone 

(1-2 mg/kg/day 
divided every 6 

hours)

Colchicine Anti-inflammatory

1 mg orally 
every 12 hours 
first day, then 
0.5 mg orally 

every 12 hours

5 days Adjust for renal 
function

Tocilizumab Anti-inflammatory 
rescue 4-8 mg/kg IV

Once.  May 
repeat X 1 
in 3 days if 
inadequate 

response

Second dose for 
worsening acute 
phase reactants 
and ventilation 

parameters 

Ivermectin Immunomodulation 
(IL-6 inhibition)

200 
micrograms/kg  
orally on a full 

stomach

5 days  

Zinc Anti-viral 50 mg q 12 
hours 10 days  

Azithromycin Anti-viral 500 mg po q day 5 days  

Low molecular weight heparin Anticoagulation
1 mg/kg every 

12 hours 
subcutaneously

14 days Alternative apixaban 
or rivarixoban orally

Hi flow oxygen and pronation Oxygenation Pulse oximetry 
above 92%

Until no 
longer 

required
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MAIZ

Outpatient

Sodium 
hypochlorite 

0.25% + 
Hydrogen 
peroxide

Anti-septic

3 mouthwashes 
(without 

swallowing) and 
2 nasal sprays 
every 6 hours

7 days  

Azithromycin Anti-viral 500 mg po q day 5 days  

Ivermectin Immunomodulation 
(IL-6 inhibition)

200 
micrograms/kg  
orally on a full 

stomach

5 days  

Zinc Anti-viral 50 mg q 12 
hours 10 days  

MAIZ -AA

Prednisone Anti-inflammatory 1-1.5 mg/kg 
daily 7 days

Additional 3 days 
per inflammatory 

markers

Colchicine Anti-inflammatory

1.5 mg orally  
first dose, then 
0.5 mg orally 

every 12 hours

7 days As tolerated

Rivaroxaban Anticoagulation 20 mg po q day 14 days Alternative  apixaban 
5 mg q 12 hrs  orally

Table 1: Inpatient and Outpatient Medication Protocols for Honduras’ Multi-Mechanism Approach to COVID-19 Therapy.

The MMA protocol also optimized oxygenation with high-
flow O2 therapy and self-pronation rather than mechanical 
ventilation whenever possible, conserving limited intensive 
care resources. In mid-April 2020, Honduran physicians 
began treating COVID-19 patients with the MMA protocol 
immediately upon admission to the hospital, as well as in 
outpatient clinics immediately on diagnosis with COVID-19. 
Decreased morbidity and mortality were observed in 
patients receiving the MMA inpatient protocol, documented 
in a peer-reviewed retrospective cohort study that showed a 
decrease ICU length of stay by 5.4 days with a trend towards 
decreased mortality [5]. The MMA protocol [6] (Table 1) 
medications have yet to be labelled by the FDA as effective 
for COVID-19 therapy, although they have been labelled as 
safe for non-COVID-19 indications.

After the initial promising results, the protocol was 
promoted by the Honduran Health Department on May 
3, 2020, in a nationally televised educational program for 
health care professionals, detailing recommendations on 
treating COVID-19 with MMA for inpatients and outpatients. 
The Honduran Health Department hosted additional Zoom™ 
video meetings to educate clinicians throughout the month 
of May 2020. The inpatient MMA protocol was marketed 
as “CATRACHO,” an acronym of the protocol’s components 

that references General Florencio Xatruch, the Honduran 
leader who defeated aggressors from the U.S. in 1856. 
Hondurans refer to themselves as “catrachos,” a Nicaraguan 
pronunciation of the Catalan surname Xatruch [7].

As the pandemic in Honduras spread, the number 
of COVID-19 outpatients overwhelmed existing clinic 
capacity. The Honduran government elected to create 
“medical brigades” that performed home visits, identifying 
underserved COVID-19 patients early and immediately 
dispensing outpatient protocol medications. The initial 7-day 
course of outpatient therapy was pre-packaged as “MAIZ” 
(Spanish for “corn,” Honduras’ staple food), an acronym for 
mouthwash of sodium hypochlorite and hydrogen peroxide, 
azithromycin, ivermectin, and zinc. Patients that continued 
to have COVID-19 symptoms after 7 days were prescribed an 
enhanced outpatient therapy, “MAIZ-AA”, which added anti-
inflammatory medications (colchicine and prednisone) and 
an anticoagulant (rivaroxaban). Within three months after 
the initiation of the MMA protocols in Honduras, clinicians 
worldwide began to publish reports supporting the efficacy 
against SARS CoV2 infections of the main components of the 
MMA protocols: namely colchicine, ivermectin, tocilizumab, 
dexamethasone, and full dose heparin [8-13].
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Methods

Due to the urgency of the pandemic and the paucity 
of local healthcare resources, it was impractical to 
prospectively organize randomized, controlled, double 
blinded trials to evaluate the MMA protocol’s efficacy against 
COVID-19 prior to its implementation in Honduras. An 
alternative methodology, statistical process control (SPC), 
is a well validated approach initially developed to improve 
manufacturing outcomes at the Bell Laboratories about a 
century ago. SPC has gained increasing acceptance in health 
care applications [14]. It is less resource intensive, achieving 
statistical significance through frequent measurements over 
time rather than by large patient sample sizes, and represents 
results in easy to comprehend control charts [15]. For this 
reason, SPC tools have been widely used for monitoring the 

evolution and impacts of the COVID-19 pandemic in the past 
two years [16].
 

Shewhart control charts were used to compare COVID-19 
case fatality rates in Honduras (Figure 1A) with those in a 
control country, Mexico (Figure 1B), whose population has 
comparable age, demographics, and socio-economic status, 
has a similar climate, and experienced nearly identical case 
fatality rate increases during its initial exposure to SARS 
CoV2. The case fatality data came from the publicly available 
World Health Organization online dashboard [17]. In each 
control chart, the black dot represents the 14-day running 
average case fatality rate calculated at each day, while the 
red solid and dashed curves represent the upper and lower, 
respectively, control limits with a confidence level of 95%.

Figure 1A-B: Shewhart control chart upper and lower control limits for 14 day rolling average case fatality rate. Control limits 
were estimated using a baseline which was the average case fatality as of May 3, 2020 for Honduras (A) and Mexico (B); and 
as of June 10, 2020 for Honduras (C).

The control limits in the Shewhart control chart were 
obtained by Monte Carlo simulation which is often used for 
control limit estimation when the distribution of the statistic 
under study is unknown or complex [18]. The simulation was 
based on an assumption that patients could die at any time 
within a 14-day period following his/her positive test, which 
is consistent with the doctors’ experience. Given a baseline 
case fatality rate, the number of deaths at each day was 
simulated and its 95% confidence interval was obtained by 
repeating the simulation for 100000 times. The control limits, 
which are the upper and lower bounds of the confidence 
interval, represent the range of the 14-day running average 
case fatality rate when the true (or population) case fatality 
rate equals the baseline. The control charts were made in 
Matlab 2020 software. Any anomaly in a control chart, i.e., a 

point falling outside the control limits, indicates statistically 
significant evidence that the true case fatality rate is different 
from the baseline; in other words, the difference cannot be 
explained by chance. Specifically, it suggests that the true 
case fatality rate is higher or lower than the baseline if the 
upper or lower control limit is violated.

Results

On May 3, 2020, the Honduran Department of Health 
encouraged physicians to implement the MMA protocol 
(Table 1) for inpatients (CATRACHO protocol) immediately 
on hospital admission, and for outpatients (MAIZ protocol) 
immediately on diagnosis. If outpatients continued to have 
symptoms after 7 days, the “MAIZ-AA” anti-inflammatory 
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and anticoagulant medications (colchicine, prednisone and 
rivaroxiban) were added. The Honduran COVID-19 case 
fatality rate dropped below the Shewhart control chart’s 
lower control limit on May 12, 2021 (Figure 1A), nine days 
after the publication of the MMA recommendations. The 
baseline case fatality rate of 9.3% used to calculate the 
control limits was the average case fatality rate in Honduras 
on May 3, when the MMA inpatient and outpatient protocols 
were first implemented. Synchrony exists between the case 

fatality rate control chart anomaly in Honduras and the dates 
on which its government published the MMA COVID-19 
treatment protocol. Figure 1C shows that in Honduras, the 
case fatality rate dropped below the Shewhart control limit 
a second time 17 days after an outpatient  protocol (Table 
1) was adopted on June 10, 2020, when volunteer medical 
brigades went out into the community to identify COVID-19 
cases and distributed packets containing the early antiviral 
medication regimen.

 

Figure 1C: Shewhart control chart upper and lower control limits for 14 day rolling average case fatality rate. Control limits 
were estimated using a baseline which was the average case fatality as of May 3, 2020 for Honduras (A) and Mexico (B); and 
as of June 10, 2020 for Honduras (C).

Discussion

The initial implementation of the MMA protocols was 
associated with a 6.36% decrease in COVID-19 case fatality 
rate in Honduras, from 9.33% before May 3, 2020 to 2.97% 
after. This suggests the number needed to treat (NNT) is 16 
patients to prevent one COVID-19 fatality for the combined 
inpatient (CATRACHO) and outpatient (MAIZ/MAIZ-AA). 
Recalculating the control chart limits using the 5.01% average 
case fatality rate on June 10, 2020 as baseline demonstrated 
a statistically significant drop below the lower control limit 
on June 27, 2020. This case fatality rate decrease from 5.01% 
to 2.97% suggests the avoidance of 1 COVID-19 fatality for 
every 49 outpatients treated by the additional outreach 
initiative by Honduran medical brigades implementing the 
MAIZ/MAIZ-AA outpatient therapeutic protocol.

Conclusion

Our findings demonstrate the utility of statistical process 
control methodology for quickly and efficiently evaluating 

and monitoring the efficacy of therapies for COVID-19, which 
could be generalizable to other emergent conditions.
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