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Heavy use of antimicrobials in agricultural, hu-
man, and veterinary applications correlates 

directly with emergence and spread of antimicro-
bial resistance, thereby threatening the effective 
management of clinical infections (1,2). An exam-
ple of this association is the global dissemination 
of the antimicrobial resistance gene (ARG) mcr-1, 
conferring resistance to the last-line antimicrobial 
drug colistin. The mcr-1 gene has been prevalent 
in ecosystems that use colistin as a growth pro-
moter in food-producing animals, as seen in China  
before 2017 (2–5).

To counteract the high prevalence of mcr-1 and 
align with One Health principles, the government 
in China formally banned colistin as an animal feed 
additive on April 30, 2017 (6). Previous research 
demonstrated that colistin resistance rates and mcr-1 
prevalence in Escherichia coli from human and animal 
samples declined substantially in China, according 
to a regional study conducted in Guangzhou during 
2015–2019 (p<0.0001). These data suggest the effec-
tiveness of colistin stewardship in reducing colistin 
resistance in both livestock and humans (4,5). Howev-
er, the sampling strategy of these studies was limited 
to evaluating only several cross-sectional timepoints 
from before and after the ban, resulting in uncertainty 
about the exact timing of the effect.

To characterize the complete prevalence dynam-
ics of human mcr-1 colonization, including the periban 
period, we constructed a 9-year monthly time series for 
April 2011–December 2019, over which time 13,630 fe-
cal samples from colonized inpatients were previously 
taken, by further evaluating mcr-1 prevalence of 3,823 
stored fecal samples collected during April–September 
2016, January–September 2017–2018, and January–De-
cember 2019. We combined these data with those from 
our previous studies (3,5) (Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/27/9/20-3642-App1.
pdf). We used a 3-month moving average approach 
to remove noise and substituted missing data for 7 
months of the time series by using the mean values of 
the 2 months flanking any month with missing data 
(Appendix). Through changepoint analysis (Appen-
dix) (7), we identified 5 changepoints, dividing the 
time series into 6 periods (Figure).

We observed that mcr-1 prevalence in human fe-
cal samples was low (<3%) in the early period, before 
October 2013, demonstrating that the mcr-1 gene was 
circulating to a limited extent in human populations 
before late 2013 in period 1 (P1). We observed a signif-
icant increase in mcr-1 colonization prevalence after 
November 2013 in period 2 (P2) that lagged behind 
increases of mcr-1 prevalence observed in livestock 
from 2011 (2) and was consistent with dissemination 
from this reservoir. The third period (P3) showed a 
sharp increase in mcr-1 human colonization preva-
lence, followed by a peak in October 2016, suggest-
ing that mcr-1 was rapidly spreading in human set-
tings, potentially attributable to an extremely high 
mcr-1 prevalence (>60%) in livestock around the time 
(4,5,8). Beginning in November 2016, in period 4 (P4), 
pilot decreases in colistin use as an animal feed addi-
tive were already being implemented (4) before the 
complete ban in 2017. We observed declines in hu-
man mcr-1 colonization prevalence during this period 
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In response to the spread of colistin resistance gene mcr-
1, China banned the use of colistin in livestock fodders. 
We used a time-series analysis of inpatient colonization 
data from 2011–2019 to accurately reveal the associ-
ated fluctuations of mcr-1 that occurred in inpatients in 
response to the ban.
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that were temporally consistent with declines in mcr-1 
prevalence observed in livestock (8). The fifth period 
(P5) showed a dramatic decline in human mcr-1 colo-
nization prevalence, correlating with the complete 
ban of colistin in animal feed (6). The rapid impact of 
this intervention is indicative of the dramatic effect 
that curtailing a selection pressure can have in con-
straining ARG prevalence and could be a template for 
combatting other ARGs. In the last period evaluated, 
period 6 (P6), mcr-1 prevalence fluctuated at a low 
level (monthly average 5.3%), in accordance with the 
mcr-1 prevalence observed in healthy human carriers, 
pigs, and chickens after the colistin ban (5). Alhough 
currently at low levels, mcr-1 prevalence should be 
monitored continually to detect any signs of its resur-
gence, particularly given that colistin was approved 
for human clinical use in China in January 2017 (9).

In conclusion, we characterized the dynamic 
landscape of mcr-1 over a 9-year period in China and 
found that colistin stewardship interventions in live-
stock were reflected in the mcr-1 prevalence in human 
fecal colonization samples within a month of a large-
scale, national ban on colistin usage. Partial reduc-
tions in colistin use beginning in November 2016 rap-
idly reduced the mcr-1 prevalence and turned around 
the alarming increases observed during 2015–2016. 
The complete ban implemented on April 30, 2017,  

significantly and immediately reduced mcr-1 preva-
lence to near pre-2015 levels. Of interest, however, the 
background mcr-1 prevalence in 2019 was still higher 
than that observed during 2011–2013, perhaps asso-
ciated with the approval of colistin for human clini-
cal use in China in January 2017 (9). As a result of 
our findings, we strongly encourage interdisciplinary 
surveillance involving clinicians, veterinary special-
ists, and environmentalists to further investigate and 
evaluate changes in ARG prevalence across different 
human, animal, and environmental niches to improve 
holistic understanding of the impact and timeframe 
of different stewardship interventions.
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Figure. Time series of monthly mcr-1 prevalence in colonized inpatients, China, April 2011–December 2019. The mcr-1 prevalence was 
recorded each month in observed data (blue histogram) and 3-month moving average data (solid red line). Vertical dashed lines indicate 
significant changepoints identified in the changepoint analysis: November 2013, May 2015, November 2016, May 2017, and August 
2018. The government of China formally banned colistin as an animal feed additive on April 30, 2017. P, time period.
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Since the introduction of the Haemophilus influenzae 
type b (Hib) conjugate vaccine in the infant immu-

nization schedule in 1998, the incidence of invasive H. 
influenzae (Hi) infections in Spain decreased to 0.7 epi-
sodes/100,000 population (1). Higher incidence rates 
are observed in children ≤2 years of age (1.88/100,000 
population) and adults ≥65 years of age (1.89 cas-
es/100,000 population) (2). Invasive disease caused 
by Hib has nearly disappeared, and most cases are 
caused by nontypeable strains (3). 

Invasive infections caused by H. influenzae type a 
(Hia) are uncommon in Europe, particularly in Spain. 
However, Hia incidence is as high in other regions as 
among indigenous communities in North America (4) 
and as has emerged in Brazil during the 2000s (5). We 
describe 2 cases of Hia invasive disease in Gipuzkoa, 
northern Spain.

Both cases of Hia invasive disease occurred in 
children in a village with ≈15,000 inhabitants during 
November 2–3, 2019. The first patient, a 2-year-old 
boy, was admitted to the pediatric emergency depart-
ment with good general aspect and persistent low-
grade fever without a clear source. The child was not 
vaccinated according to the routine immunization 
schedule. Results for pulmonary auscultation and re-
spiratory and cardiac rates were unremarkable, and a 
chest radiograph showed no abnormalities.
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Two consecutive cases of Haemophilus influenzae type a 
sequence type 23 invasive infection in 2 children attend-
ing the same daycare in 2019 triggered epidemiologic 
surveillance of H. influenzae infections in northern Spain. 
Despite the invasiveness potential of this virus strain, we 
detected no additional cases for 2013–2020.


