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findings of Cercek et al.,1 our results show the 
utility of a universal biopsy screening strategy 
and clearly delineate the target population that 
may benefit from this therapeutic strategy.

David J. Papke, Jr., M.D., Ph.D.
Brigham and Women’s Hospital 
Boston, MA

Robert M. Genta, M.D.
Inform Diagnostics 
Irving, TX

Mark Redston, M.D.
Brigham and Women’s Hospital 
Boston, MA 
mredston@​partners​.org

and Others
A complete list of authors is available with the full text of this 

letter at NEJM.org.

Disclosure forms provided by the authors are available with 
the full text of this letter at NEJM.org.

1.	 Cercek A, Lumish M, Sinopoli J, et al. PD-1 blockade in mis-
match repair–deficient, locally advanced rectal cancer. N Engl J 
Med 2022;​386:​2363-76.
2.	 Alatise OI, Knapp GC, Sharma A, et al. Molecular and phe-
notypic profiling of colorectal cancer patients in West Africa 
reveals biological insights. Nat Commun 2021;​12:​6821.
3.	 Hasan S, Renz P, Wegner RE, et al. Microsatellite Instability 
(MSI) as an independent predictor of Pathologic Complete Re-
sponse (PCR) in locally advanced rectal cancer: a National Can-
cer Database (NCDB) analysis. Ann Surg 2020;​271:​716-23.
4.	 Farchoukh LF, Celebrezze J, Medich D, et al. DNA mismatch 
repair-deficient rectal cancer is frequently associated with Lynch 
syndrome and with poor response to neoadjuvant therapy. Am J 
Surg Pathol 2022;​46:​1260-8.
5.	 Cercek A, Dos Santos Fernandes G, Roxburgh CS, et al. Mis-
match repair-deficient rectal cancer and resistance to neoadju-
vant chemotherapy. Clin Cancer Res 2020;​26:​3271-9.

DOI: 10.1056/NEJMc2210175

Immune Imprinting and Protection  
against Repeat Reinfection with SARS-CoV-2

To the Editor: More than 2 years into the coro-
navirus disease 2019 (Covid-19) pandemic, the 
global population carries heterogeneous immune 
histories derived from various exposures to in-
fection, viral variants, and vaccination.1 Evidence 
at the level of binding and neutralizing antibod-
ies and B-cell and T-cell immunity suggests that 
a history of infection with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) can 
have a negative effect on subsequent protective 
immunity.1 In particular, the immune response 
to B.1.1.529 (omicron) subvariants could be com-
promised by differential immune imprinting in 
persons who have had a previous infection with 
the original virus or the B.1.1.7 (alpha) variant.1

We investigated the epidemiologic evidence 
for immune imprinting in persons with specific 
immune histories related to natural infection. 
We evaluated the incidence of repeat reinfection 
in the national cohort of persons in Qatar who 
had had a documented omicron BA.1 or BA.2 
reinfection after a primary infection with non-
omicron SARS-CoV-2 (the “double-primed” co-
hort) as compared with the incidence of reinfec-
tion in the national cohort of persons who had 
had a documented primary infection with omi-
cron BA.1 or BA.2 (the “omicron-primed” co-
hort).2 This analysis was performed as a matched 
retrospective cohort study (Section S1 in the 
Supplementary Appendix, available with the full 
text of this letter at NEJM.org).

Data on SARS-CoV-2 laboratory testing, clini-
cal infection, vaccination, and demographic 
characteristics were extracted from the Qatar 
national SARS-CoV-2 databases. Persons in both 
cohorts were exactly matched in a 1:3 ratio ac-
cording to sex, 10-year age group, nationality, 
number of coexisting conditions, and calendar 
week of the omicron subvariant infection. The 
follow-up period started at 90 days after docu-
mentation of the omicron subvariant infection. 
Vaccinated persons were excluded. Associations 
were estimated with the use of Cox proportional-
hazards regression models. Hazard ratios were 
adjusted for the factors used for matching.

Figure S1 in the Supplementary Appendix 
shows the population selection process, and Ta-
ble S1 shows the baseline characteristics of the 
full and matched cohorts. The matched cohorts 
included 7873 persons in the double-primed co-
hort and 22,349 persons in the omicron-primed 
cohort. The study population was representative 
of the unvaccinated population of Qatar with 
respect to demographic characteristics and his-
tories of SARS-CoV-2 infection (Table S2).

During follow-up, 63 reinfections occurred in 
the double-primed cohort and 343 occurred in the 
omicron-primed cohort; none of the infections 
progressed to severe, critical, or fatal Covid-19 
(Fig. S1). At 135 days after the start of follow-up, 
the cumulative incidence of reinfection was 1.1% 
(95% confidence interval [CI], 0.8 to 1.4) in the 
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double-primed cohort and 2.1% (95% CI, 1.8 to 
2.3) in the omicron-primed cohort (Fig. 1A). In 
the comparison of the full matched double-
primed cohort with the omicron-primed cohort, 
the adjusted hazard ratio for reinfection was 
0.52 (95% CI, 0.40 to 0.68). In an analysis involv-
ing the subgroup of persons in the double-

primed cohort whose primary infection was 
with the original virus or the alpha variant as 
compared with the omicron-primed cohort, the 
adjusted hazard ratio for infection was 0.59 
(95% CI, 0.40 to 0.85) (Fig. 1B).

In the first 70 days of follow-up, when infec-
tions were dominated by the BA.2 subvariant,2,3 

Figure 1. Incidence of SARS-CoV-2 Reinfection in the Double-Primed and Omicron-Primed Cohorts.

The double-primed cohort included persons with a documented reinfection with B.1.1.529 (omicron) subvariant BA.1 or BA.2 after a pri-
mary infection with pre-omicron severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and the omicron-primed cohort includ-
ed persons with a documented primary infection with an omicron BA.1 or BA.2 subvariant. The inset in Panel A shows the same data on 
an expanded y axis. The main analysis included the full matched cohorts; in an additional analysis (Panel B), the double-primed cohort 
included only persons whose primary infection had been with the original virus or the B.1.1.7 (alpha) variant. Hazard ratios were adjust-
ed for the factors used for matching. This study was conducted in Qatar between December 19, 2021, and August 15, 2022. Follow-up 
started 90 days after documentation of reinfection. The median duration of follow-up was 125 days (interquartile range, 114 to 132) in 
each cohort.
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the adjusted hazard ratio for infection was 0.92 
(95% CI, 0.51 to 1.65). However, the cumulative 
incidence curves diverged when the BA.4 and 
BA.5 subvariants were introduced and subse-
quently dominated4 (adjusted hazard ratio, 0.46; 
95% CI, 0.34 to 0.62) (Fig. 1A).

Limitations of the study are discussed in Sec-
tion S1. One potential limitation was the differ-
ence in the frequencies of testing between the 
two cohorts, but a sensitivity analysis with ad-
justment for these differences showed results 
similar to those in the main analysis.

Omicron infection induces strong protection 
against a subsequent omicron infection.2,4 In the 
present cohort study, an additional, earlier infec-
tion with non-omicron SARS-CoV-2 was found 
to strengthen this protection against a subse-
quent omicron infection. The earlier pre-omicron 
infection may have broadened the immune re-
sponse against a future reinfection challenge.
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Lower versus Higher Glycemic Criteria  
for Diagnosis of Gestational Diabetes

To the Editor: In the GEMS trial, Crowther 
and colleagues (Aug. 18 issue)1 conclude that 
applying lower glycemic thresholds for the di-

agnosis of gestational diabetes (as advised by 
the World Health Organization [WHO]) dou-
bled the number of diagnoses of this disorder 
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